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Preface 


The Shuttle Imaging Radar-B (SIR-B) Is the seconcf major step in an evolutionary 
NASA radar remote-tenting research program leading to the development of the research 
capability for a long-term orbiting radar sensor such as the harth Observation System 
(EOS)/Space Station. The SIR-B science team consists of 43 scientists and engineers 
from leading research institutions around the world. They will conduct scientific investi- 
gations in geology, renewable resources, oceanography, and calibration techniques. This 
document includes brief deKiiptions of the planned investigations as well as a description 
of the SIR-B sensor and data processing system. 
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Abstract 


Shuttle InugiriK Radar (SIR) B ii the second synthetic-aperture radar (SAR) to he 
flown on the National Aeronautics and Space Administration's Space Transportation Sys- 
tem (Shuttle). It is the first spaceborne SAR to feature an antenna that allows acquisition 
of multiiiicidence-angle imagery. An international team of scientists will use SIR B to 
citnduct investigations in a wide r?nge M disciplines This work describes SIR B: the 
radar, I'le miuion, and the investigations. 
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Section I 
Introduction 


With the launch of SIR B. the National Aeronautics and 
Space Administration (NASA) will take the next step in an 
evolutionary radar program that leads toward a final multi* 
frequency, multimcidence angle, rnultipolari/ation imaging 
ladar system The program began in 1978 with the launch of 
Seasat a free-flying, Earth-orbiting. synthetic -aperture radai 
This instrument provided the first synopti' radar imagery of 
the Earth's surface Not only was the experiment a success 
technologically, but the imagery returned provided a new 
means of studying and observing the Earth's surface 

The radar program continued in 1981 with the launch of 
the second Space Shuttle. Aboard that Shuttle was the first 
Office of Space and Terrestrial Applications (OSTA I payload, 
which contained SIK*A, the first Shuttle-based imaging radar, 
among other Earth-observing instruments. The mam objective 
of the SIR- A experiment was to acquire radar data over a 
variety of geologic regions to further our understanding of the 
radar signatures of geologic features. A complimentary objec- 
tive was to assess the capability of the Shuttle as a scientific 
platform for Earth observations. 

The SIR-A sensor operated nominally and the full data- 
acquisition capacity of the optical recorder was used. Ten 
million square kilometers were imaged over all continents 
except Antarctica. One of the most exciting results of this 
experiment was the imaging of buried dry-river channels in 
hyperarid regions of southern Egypt. These channels are 
buried under 1 to 3 m of sand cover and are not visible on 
Landsat images or from the ground 

Seasat and SlR-A were fixed-parameter sensors acquit tng 
images at constant look angles (measured from nadir) of 20 


and 47 deg. respectively A comparison of imagery acquired 
over the same area by each of these sensors demonstrates that 
image intensity is a functuui of the incidence angle of the 
radar beam at the surface In general the response of the radar 
IS ccnttolled by topography at lower incidence angles a^d sur- 
face roughness (or average si/e of rocks and vegetation) at 
larger incidence angles If it were possible to acquire imagery 
at a variety of incidence angles, a new means of classify ing sur- 
face features could be developed. 

This was the inspiration for SIR-B a multilook-angle radar 
system. The SIR-B instrument is an upgraded version of 
SIR-A that has the additional capability of tilting the antenna 
mechanically to acquire data at incidence angles that vary 
from 15 to bO deg Like Seasat and SIR- A, SlR-B will be an 
L band (23-cm) ll)i polari/ed radar The variable-incidence- 
angle capability will allow several new experiments. A specific 
area may be imaged with a variety of incidence angles on suc- 
cessive days. These images can then be registered and used to 
produce curves of backscatter as a function of incidence angle 
for various terrain types These curves can be used ultimately 
to characteri/e the terrain Stereoimagmg may also be done 
in the nultiple-incidence angle mode. In addition, large areas 
may be imaged and mosaicked together with only slight 
variations in incidence angle with each swath. 

The SlR-B experiment will be launched in the fall of 1984 
on the Space Shuttle into a nominally circular orbit at an 
inclination of 57 deg and an average altitude of 352 km for the 
first day, 274 1cm for the next day, and 225 km for the bal- 
ance of the mission; the duration of the entire mission is 
presently set at 8.3 days. At the 225-km altitude, the ground 
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(rack repeats with a I day cycle, but with a weiiward drift. 
This will allow SIR B to image a given site at several different 
incidence angles, one angle each day. 

The investigations using these unique capabilities will be 
conducted b> a science team selected b> NASA on the basis of 
science proposals Table M lists the team members and iheir 
investigations 

The SIR H investigations include areas of geolog>. hydrol* 
og>. vegetation, oceanography, and cartography, as well as 
studies of the characteristics of the radar system itself These 
investigations were selected primarily on their wientific merit 
and ability to take advantage of the unique characteristics of 
the SIR B radar Of those chosen. 13 are from foreign coun- 
tries including Japan. Australia. Sweden New /.ealand. the 
Netherlands, tfie I ederai Republic of Germany, the United 
kingdom, and Canada In addition, many of the experiments 
by United States team members will be carried out m foreign 
countries with the cooperation of collaborators from those 
countries, which include Kgypt. Indonesia. Turkey. Argentina. 
Bangladesl). Botswana. India. Peru. Brazil, and Saudi Arabia. 
Also, two investigations will be carried out in foreign oceans 
one along the Agulhas Current off the southeast coast of 
Af rica and the other in the South Atlantic Ocean off the coast 
of Antarctica. 

In the :^iea of geology . a number of experiments will be 
done to issess the capability of multiple-incidence-angle SAR 
data for lithologic mapping I Parr and Parr) and the delineation 
of textural and structural features (Kaupp). Areas of primary 
interest for these studies include Hawaii, the Western United 
States, and the Isle of Skye in hurope SIR B data will also be 
used to delineate subtle boundaries between geologic regions 
in Argentina, where the boundary between active and inactive 
volcanism will be mapped (Bloom), and in the Canadian 
Shield where the boundary between the Churchill. Superior, 
and Grenville Provinces will be clarified (Lowman). Radar 
imagery over a very large, nonvegetated. flat dry playa lake- 
Lake Eyre in Central Australia- will be used to assess the 
degree of detectability ind identification of salts and clays 
(Honey). The extent of Wisconsinan glaciation in Illinois. 
Indiana, and Ohio (Johnson) and Pleistocene glaciation in 
Argentina (Bloom) will be investigated, and impact craters in 
the Canadian Sltield will be mapped (Head). The radar signa- 
tures of exposed craters will be used to further characterize 
poorly exposed craters. More rugged terrain will be imaged by 
SIR B in Turkey, where the imagery will be used to mao tlic 
extensions of the North and East Anatolian faults (Toksoz). In 
New ZeJand, the Alpline Fault along the boundary between 
the Pacific and the Indian-Australian Plates will be mapped 
with better accuracy than is possible from the ground because 
of extremely dense vegetation (Collins). In Africa, a large part 


of the Great Rift valley will be mapped to investigate some of 
its subtle structural features! Elachi) 

The exciting discovery with SIR-A of the buried dry iiver 
channels in Egypt has focused interest upon the characteriza- 
tion of this radar-penetration phenomenon I he SIR li experi- 
ment will place great emphasis on the extension of such cover- 
age to more of the western deserts of Egypt and Sudan, as well 
as other hyperarid areas including southwest Africa. India, the 
western coasts i>t Peru. China, and central Australia (Schaber ) 
The penetration studies will extend east of the Nile ( Dixon) to 
the Precambrian Shield, where frequent outcrops of basement 
rtKkv will provide landmarks for coregistration of the SIR B 
data with Landsat data Receivers will be buried at different 
depths to measure the actual penetration of the radar energy 
Penetration will be studied in the more semiaiid regions of the 
United Stales along the Nevada California border (laranik). in 
California's Mojave desert (Elachi). and in central Australia at 
lowlcrs Gap. PtK>ncarie, and the Amadeus Basit» (Richards). 
The relative effects of vegetatnm cover, surface-cover charac- 
teristics. and soil moisture will be assessed Penetration is also 
expected in a limestone plain called the "Great Alvar" on the 
island of Oland in the Baltic Sea (Ulriksen) Potential penetra- 
tion sites will he measured with an impulse radar system to 
verity the penetration In addition, penetration studies will be 
extended to Saudi Arabia where the SIR H data will be used as 
surface indicators for groundwater prospecting in the Arabian 
Shield (Berlin) 

SIR B investigations in vegetation will include studies of 
both forests and agriculture Equatorial ram forests in Suma- 
tra Kalimantan, and Colombia will be imaged (Ford) in an 
attempt at geologic mapping of these cloud shrouded, inacces- 
sible areas The multiple-incidence-angle data over Sumatra 
and Kalimantan, along with multiple-incidence data over 
Bangladesh ( Imh iff), w ill be used to quantify the signatures of 
tropical ram forests as a function of imaging geometry and 
assess penetration of the dense vegetation canopies Results of 
the study over Bangladesh will be used also to assess the poten- 
tial m spaceborne radar data for delineation of malaria- 
mosquito breeding areas In the more tame forests of the 
United States, two team members will assess the radar signa- 
tures of forested areas as a function of incidence angle In the 
Klamath National Forest of northern California. :: coniferous 
forest canopy will be studied (Simonett). and several well- 
defined. operationally iTtanaged deciduous forest stands out- 
side of Jacksonville. Florida, will be assessed (lloffer) in an 
attempt at identifying and characterizing forest-cover types 
and condition classes Clear cutting m the Amazon forest is 
difficult to monitor on the ground, but easily traced on radar 
imagery The forests around the Amazon in central Brazil are 
a primary target for a quantitative assessment of the potential 
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in muhipic incidcnce jngle imagery lor determining the liKii* 
tion. areal extent, and rate of deforestation ( Bryan 1 

Several very extensive investigations of the radar signatures 
of agricultural areas are planned as part of the overall SIR B 
experiment Large crews at two **supersites*' in Kansas (Ulaby) 
and near Lreihurg. Germany, (Sieher) will collect extensive 
ground-truth data as SIK B images the sites. The agricultural 
supersite in Kansas will also be imaged simultaneously by 
the Jet Propulsion Laboratory's (JPL’s) aircraft imaging radar 
and scatterometcr. A site in the Central Valley of California 
will be used to study b«)th agriculture (Paris) and soil moisture 
(Wang). Several fields will he irrigated to different extents 
during the SIK B mission. In addition, agricultural lands in 
Western Australia will he imaged by SI K B in an attempt at 
delineating areas affected by secondary salinity (Honey). 

Other hydrology experiments that will be carried out dur- 
ing the SI K b mission deal primarily with rivers and deltas 
The dynamics of lloodplains in wet tropical ecosystems and 
river channel changes will be assessed using imagery acquired 
over the Amazon River in Brazil (Bryan). SIR B data acquired 
over deltas will also be used to map land; water interfaces of 
deltas over an entire tidal cycle and to characterize the diverse 
range of salt- and fresh water vegetation located on the stable 
portion of deltas (Head) lidal erosion and sedimentation 
along the Waddensea coast of northern Netherlands cause 
continual change in the ocean bottom configuration and con- 
stant remodeling of the coastal regions SIK-B data will be 
collected at several intervals during the tidal cycle to monitor 
these effects ( Koopmans) 

Oceanography experiments are concentrated in the waters 
around Europe in the North Atlantic, the North Sea. the 
Mediterranean, and oft the coasts of Chile and South Africa 
Two team members from England (Kcyte and Allan) will 
investigate a numner of ocean features including internal 
waves, currents, bathymetric features, and surface gravity 
waves, they will use ships, buoys, and satellites to monitor the 
sea surface during the SlK-B overflights. The characteristics of 
occan-surface-wave imagery will be studied in the North Sea 
off the coast of Germany (Alpers). During the SIK-H over- 
flight, directional ocean-wave spectra will be acquired simul- 
taneously by ships and the German North Sea Research 
Platform. 

Two investigations (l ugono and Alpers) are designed to 
determine the radar signatures of oil spills created during the 
SIR-B mission by dropping frozen olyl alcohid into the ocean 
from airplanes. 

Two United States team members will conduct extensive 
oceanography experiments. One investigation will be of the 


Agulhas Current, which runs along the southeast tip of Africa 
(Beal) I his region has long been notorious for extreme waves 
that reach heights greater than 20 m and threaten ships Swell 
systems will be tracked as they propagate northward and 
encounter the south flowing Agulhas Current The ocean wave 
directional spectrum will be monitored and assessed as a func- 
tion of incidence angle The second United States ocean 
experiment will be conducted off the New York Bight in the 
Atlantic Ocean (V^rinokur) The basic hydrodynamic mecha- 
nisms responsible for internal waves will be investigated 
Theories and models used to predict internal-wave signatures 
from ocean and radar parameters will be tested. 

The Seasat SAR demonstrated the potential of spaceborne 
imaging radar for monitoring ocean ice Two team members 
will further assess this capability with emphasis on feature 
identification as a function of illumination geometry Sea ice 
in the transition zone between compact pack and the ice edge 
in the Wedde’i Sea off Antarctica will be studied (Carsey) 
Pack mo.phology, ice-drift speed, and ice deformation will be 
assessed Iceberg detectability and reconnaissance will be 
assessed as a function of ocean condition off the east coast of 
Canada along the Grand Banks, the Scotian Shelf, and the 
Laborador Coast (Gray) The all-weather capability of imaging 
radar makes it very useful for monitoring ice in regions where 
offshore structures for fossil-fuel resource exploration are 
l(Kated 

Investigations to be conducted with SIR-B are not limited 
to the surface of the Earth. The utiliiy of SIR-B data for the 
detection and measurement of rainfall events and the potential 
application of spaceborne radar imagery to improvements of 
existing rainfall models will be investigated (Garofalo). 

.Multiple-incidence angle radar imagery can be used in a 
stereo mode for cartographic, topographic, and thematic map- 
ping Two investigations (Kobrick and Ramapriyan) will assess 
the optimum radar illumination geometry for stereoscopic 
analysis and for future radar mapping missions. High- 
resolution elevation can also be measured using interfero- 
metric techniques The surface relief of featureless plains and 
gentle slopes of alluvial fans are difficult to detect using stereo 
techniques but they can be easily observed with interfero- 
metric methods Radar signals from separate passes that cross 
at very shallow angles will be used to provide the equivalent 
of an interferometer (Goldstein). 

A step toward a fully calibrated radar system will be taken 
with a number of calibration experiments conducted during 
the SIK-B mission As part of one experiment (Held), a cali- 
brator that will provide a reference signal has been added to 
the SlK-B hardware. Such variables as antenna pattern, space- 
craft attitude, transmitter power, receiver gain, system linear- 
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Ity. and SAR corrclatoi effects will be considered. The cali- 
bration will then be verified with ground-truth measurements, 
the aircraft SAR. and the Mobile Radar Scitterometer from 
the University of Kanus. 

To further verify the calibration of SIR an airborne Kit- 
terometer will undertly SIR B. and surface-parameter estima 
tions will be validated using in-situ data collection in a well- 
controlled reclaimed land area or polder in the Netherlands 
(Attemal. 

Knowledge of the antenna pattern it essential to any cali- 
bration experiment. This pattern will be measured usitig the 
radar data collected along a swath that crosses the Amazon 
forest in Brazil -a relatively uniform area (Moore). Corner 
reHectors will also be used in an attempt to calibrate the SIR-B 
radar. Comer reflectors located along an airstrip of northern 
Japan and large antennas at the Kashima Radio Research 
*^boratories near Tokyo will be used to establish the relation- 


ship between image intensity and radar backKatter, and then 
to evaluate the resolution characteristics of SIR-B and to 
investigate the side-lobe characteristics (Fugono). Several very 
large coiner reflectors placed in Australia will be used to 
calibrate the radar and to provide a surveyed point target for 
reference in a number of other investigations (Bryans). 

It is generally believed that the ionosphere has very little 
effect on radar imagery acquired at the SIR B operating fre- 
quency To assess this theory more thoroughly, the effects of 
ionospheric irregularities on SAR processing and information 
extraction will be investigated (Sius/czewicz) A worldwide 
network of ground radar will be used to measure the k.«te of 
the ionosphere at the times of SlR-B imaging. 

The following sections describe the SIR B experiment (Sec- 
tion II). the observing plan (Section III), and the expected 
data (Section V). A brief description of each SIR-B investiga- 
tion is found in Section IV. 
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Paudena, California 

T. AUan 

Initltutc of Oceanoirriphii' Sciences 
Surrey, Cnlied kingdom 

W, Alpert 

Max-Planck-Intfltut and Cniveriltul Hamburg 
I ederal RcpublU of (termany 

fc. P. W. Allema 

Delft University of lechnology 

Delft. Netherlands 

R. C. Beal 

The Johns Hopkins Applied Physics Laboratory 
Laurel. Maryland 

C«. L. Berlin 

U. S. (ictdogical Survey 
I lagstaff, Arliona 

A. L. Bloom 
Cornell University 
Ithaca. New York 

M. L. Bryan 

Jet Propulsion Laboratory 
Pasadena. Calif or nb 

N. L. Bryans 

Defence Research Centre Salisbury 
Adelaide. Australia 

T. Cariey 

Jet Propulsion Laborabuy 
Pasadena. Callfornb 

M. A. Collins 

Department of Scientific and Industrial Research 
Lower Hutt, New Zealand 

T. If. Dixon 

Jet Propulsion Laboratory 
Pi'sadena. California 

T. G. I arr 

Jet Propulsion Laboratory 
Pasadena. Callfornb 

J. P. Lord 

Jet Propulsion Laboratory 
Pasadena. California 


Investigetlon 


•*llie Interpretation of SIR B Imagery of Surface >kaves and Other Ocean* 
ographic I eatures Using ln*Situ. Meteorological Satellite, and Infrared 
Satellite Data** 

*‘SAR Imaging Mechanisms of Ocean Surface Waves** 


**ROVT Calibration and Inverse Scattering E xperiment** 


‘*The Spatbl Evolution of the Directional Wave Spectrum in the Southern 
Ocean Its Relation to f xtrerne Waves In the Agulhas Current** 


**Appllcatlon of SIK-B Data for (iroundwater ixploratlon In the Arabian 
Shield and Sand Drlft Monitoring In the An Nafud and Al Jafurah I ringe 
Areas, kingdom of Saudi Arabia*' 

“Tectonic. Volcanic, and Climatic C^eomorphology Study of the Sierras 
Pampeanas Andes. Northwestern Argentina'* 


“Deforestation. I loiidplaln Dynamics, and Carbon Biogeochemistry in the 
Amazon Basin** 


“Investigations Involving Corner*Ref1ector Arrays. Signal Processing, and 
Oceanographic Studies'* 


“Southern (Kean Sea-Ice Morphology and kinematics*' 


“New Zealand SIR-B Science Investigations" 


“SiK-B Analysis of the Precambrian Shield of Sudan and Egypt. Penetra- 
tion Studies and Subsurface Mapping" 


“Quantitative Use of Multiincidence- Angle SAR for Geologic Mapping" 


“Geologic Mapping of Indonesian Ram f orest With Analysis of Multiple 
SIR-B Incidence A igles" 
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Brown Univcrslt) 
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D. N. Held 

Jet Propulsion Laboratory 
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Purdue University 
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Commonwealth Scientific and Industrial Research 
OrganUatlon 
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Goddard Space Might Center 
Greenbelt. Maryland 

W, H. Johnson 
University of Illinois 
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V. H. Kaupp 
University of Arkansas 
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Royal Aircraft Establishment 
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M. Kobrick 

Jet Propulsion Laboratory 
Pasadena. California 

B. N. Koopmans 

International Institute for Aerial Survey and Earth Sciences 
Enschede. Netherlands 
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M. (Cofit) 




Investigation 

"Remote Sensing of Rice Eields and Sea Pollution by SIR-B** 


"I valuation SIR B Data for Identifying Rainfall kvent Occurrence and 
Intensity** 


"SIR B Interferometric Topography** 


"Use of SIR-B Multuncidencc* Angle Imagery to Study Iceberg Detectabil- 
ity and Offshore (Xean I eature I atractlon** 


"Geological. Structural, and (fcomorphological Analyses From SIR-B" 


"Amplitude Calibration Fsperlment for SIR-B" 


"Microwave and Optical Remote Sensing of Forest Vegetation** 


"Evaluation of SIR-B Imagery for Geologic and Geomorphic Mapping. 
Hydrology, and Oceanography in Australia** 


"The Use o( Digital Spaceborne SAR Data for the Delineation of Surface 
f eatures Indicative of Malaria Vector Bleeding Habits** 


"Interlubate Comparison of Glaclal-Dcpositional Style as Evldenc*ed by 
Small-Relief Glacial Landscape Features in Illinois. Indiana, and Ohio. 
UtilUing SIR-B" 

"Evaluation of the L-Band Scattering Characteristics of Volcanic Terrain 
in Aid of Lithologic Identification. Assessment of SIR-B Callbrutlon. and 
Development of Planetary Geomorphic Analogs" 

"The Investigation of Selected Oceanographic Applications of Spaceborne 
Synthetic-Aperture Radar" 


"SIR-B Cartography and Stereo Topographic Mapping" 


"Monitoring of the Tidal Dynamics of the Dutch Waddensea by SIR-B 


Tatoto M. (Cont) 


Ntme and afllUatlon 

Investigation 

F. D. Lowman, Jr. 

Goddard Space 1 light Center 
GreenMt. Maryland 

''Structural Investlaatlon of the Canadian Shield by Orbital Radar and 
Landsat'* 

"Structural Investigation of the Grenville Province by Radar and Other 
Imaging and Nonimaging Sensors" 

R. K. Moore 

Univertity of Kanut Center for Research . Inc. 
Lawrence. Kansai 

"Studies of Coastal Mesoscale Winds Using SIR-B" 

"Information for Space-Radar Designers' Required Dynamic Range vs 
Resolution and Antenna Calibration Using the Amazon Rain Forest" 

1. F. Paris 

Jet Propulsion Laboratory 
Paudena. California 

"Development and Evaluation of Techniques for Using Combined Micro- 
wave and Optical Image Data for Vegetation Studies" 

J. T. Parr 

The Analytic Sciences Corporation 
Reading. MassachuKtts 

"Investigation of SIR-B images for Lithologic Mapping" 

H. K. Ramapriyan 
Goddard Space Flight Center 
Greenbelt. Maryland 

"Automatic Terrain Elevation Mapping and Registration" 

J. A. Richards 

University of New South Wales 
Kensington. Australia 

"Australian Multlexperlmental Assessment of SIR-B (AMAS)" 

G. G. Schaber 
U.S. Geological Survey 
Flagstaff, Arizona 

"Application and Calibration of the Subsurface Mapping Capability of 
SIR-B in Desert Regions" 

A. J. Sleber 

Deutsche Forschungs und Versuchsanstalt fdr Luft- und 
Raumfahrt 

1 ederal Republic of Germany 

"Gvrman Radar Observation Shuttle Experiment (ROSE)" 

D. S. Slmonett 
University of CaUfcrnla 
Santa Barbara. California 

"The Extension of an invertible Coniferous Forest Canopy Reflectance 
Model Using SIR-B and Undsat Data" 

E. P. Szuizciewicz 
Naval Research Laboratory 
Washington. D.C. 

"An Investigation of Ionospheric Irregularity Effects on SIR-B Image 
Processing and Information Extraction" 

J. V. Taranik 
University of Nevada 
Reno. Nevada 

"Analysis of SIR-B Radar Illumination Geometry for Depth of Penetration 
and Surface Feature and Vegetation Detection, Nevada and California" 

M. N. Tokaoz 

Massachusetts Institute of Technology 
Cambridge. Masuchusetts 

"Delineation of Major Geologic Structures In Turkey Using SIR-B Data" 

F. T. UUby 

University of Kansas Center for Research. Inc. 
Lawrence. Kansas 

"Evaluation of the Radar Response to Land Surfaces and Volumes: 
Examination of Theoretical Models, Target Statistics, and Applicatior.s" 

P. UlrikKn 

Lund University of Technology 
Lund. Sweden 

"Ground Truth for SIR-B Images Obtained by SIR System 8 Impulse 
Radar" 
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Offkc of Naval Rettarch 
Arllnfton. Vlrflnia 
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Section II 

Experiment Description 


A. Summary 

SIR-b will be the second of the lynthetic-eperture riidar 
experiment! to fly on the Shuttle. Ai such, the hardware owes 
much to Its predecessor, SIK A (Ref. 2*1), although several 
new features have been incorporated. The antenna and the 
radar senu>r are subsystems carried over from SIR*A to SIR B 
with some modifications. The optical recorder (OR I is un- 
changed from that used in SIR A. Important new elements in 
SIR B are antenna electronics that allow selectable look angles, 
a digital data handling subsystem (Ul)HS). increased band- 
width. a calibrator, and a digital data processor on the ground. 
Table 2-1 is a list of the SIR B characteristics. 

Radio-frequency (RF) pulses at 1.28 Otla (L-band) are 
generated in the transmitter portion of the sensor and radiated 
by the antenna. Ti e KF signals are reflected from the Earth, 
collected by the antenna, and sent to the receiver portion of 
the sensor where they are beaten down to baseband to form 
the offset video output. This output is then sent to either the 
OR. the DDHS, or both. 

The OR will store 8 h of Klected data with 6-MH/ band- 
width on about 1 100 m of signal Him. which will be unloaded 
after the Shuttle lands. The DDHS will handle about 65 h of 
digital dat4. a large majority of which (>9S%) will b: routed 
to the Shuttle Ku-band system for transmission to the Track- 
ing and Data Relay Satellite (TDRS) and retransmission to the 
ground receiving station at White Sands. New Mexico. (Some 
digital data will be temporarily stored on high-density digital 
tapes (HDDTs) onboard the Shuttle for later transmission 
through TDRS.) These data then will be sent from White 
Sands via the DOMSAT satellite to Goddard Space Flight 


Center (GSFC) in Greenbelt, Mar> land, and recorded at GSFC 
on HDDTs. The permanent onboard storage capacity for 
digital data is limited to about 20 min on each of four to seven 
tapes, which will be unloaded aftei the mission. All data will 
be shipped back to JPL where signal film from the OR will be 
processed into Him images with an optical correlator, and data 
from the HDDTs will be processed into digital images with a 
Kiftware correlator. SIR B digital images will feature a factor- 
of-two better range reudution than either the SIR-A or SIR-B 
optically-correlated images because of the increased SIR-B 
bandwidth. 

Figure 2-1 illustrates the end-to-end system block diagram 
for SIR B The following sections describe in more detail S4>me 
of these subsystems 

B. Antenna 

The SIR B antenna (Fig 2-2) consists of an array of eight 
component panels seven of which constituted the SIR-A an- 
tenna. The SIR-B antenna, with a total length of 10.7 m, is 
thus longer than that of SlR-A. the width. 2.16 m, is the same. 
The increased antenna area results in a slightly larger signal-to- 
noise ratio (SNR) for a given observation, especially important 
at large look angles. 

During launch, the antenna will be folded in three pieces 
along two hinges and stored in the Shuttle payload bay. The 
inner leaf is 2.7 m long and the outer leaf is 4.0 m long. In 
orbit, the payload bay doors will be opened and the antenna 
deployed The antenna will remain deployed for observations 
throughout the mission except during Shuttle maneuvers that 
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Involvf br|« altitudt ctunfei Two luch maneuver! are 
planned; at these times the antenna will agatn be stowed. 

The moil siinincant new feature of the SIR B antenna sub- 
system is the antenna array tilt mechanism. This consists of a 
third hinge and its auociated mechanism and electronics. The 
antenna can be ci»mmanded to tilt to angles between IS and 
60 deg in approximately I -deg steps A posteriori determina- 
tion of the look angle will be accurate to tO I deg. At a com- 
mand from the ground, the antenna will move from one orien- 
tation to another at the rate of approximately I deg per 
second of time. 

C. Electronics 

The transmitter forms a linearly swept, frequency- 
modulated pulse with a minimum peak power of 1122 W. a 
30.4-^i pulse length, and a 12MH/ bandwidth. This band- 
width results in a range resolution of between 14 and 46 m. 
There are 16 selectable pulse-repetition frequencies (PRfs) 
with values between 1248 pulses/s and 1824 pulses/s. A 
particular PRT value will be chosen for each observation to 
insure that neither a transmit event nor a nadir return occurs 
in the data acceptance window for the reOected signal. This 
data acceptance window also will be chosen for each observa- 
tion and will begin at one of the 64 data-window positions 
that equally divide the interpulse peiiod. The temporal length 
of the data window determines the width in the cross-track or 
range dimension of the area imaged on the ground (the 
**swath "l and is based on a number of experiment parameters 
diKUssed below. 

The receiver has eight useable gain-control levels that ^ange 
from about 70 iO 1(X) dB. Selection of the level for each obser- 
vation will be based upon the expected backscatter intensity 
and the required saturation margin. The DDHS samples the 
offset video output at 30 MH/ and converts this analog signal 
into digital output, quantized with 3 to 6 bits per sample 
(bps). The bps value chosen for a given observation will reflect 
a trade-off between a larger data-rate-limited swath for smaller 
bps. and a larger dynamic range and system SNR for larger 
bps. The DDHS outputs a stream of serial data that consists of 
the digitized backscatter signals, housekeeping, and other data 
used in image proceuing on the ground. When the OR is in 
use, the DDHS also provides annotation for the signal Him. 

The dati rate for SIR B digital data differs depending upon 
whether the DDHS sends data directly to TDRS or to the 
onboard recorder. In the direct-to-TDRS case, the data rate is 
4S.6 Mbits/s; in the other case, the data rate is 30.4 Mbits/s. 

The data rate is one of the experiment parameters that 
determines ihe swath width. For the higher data rate, the 


swath width will be 50^ larger. Other parametirs that affect 
swath width are the bps. the PRl , and the IcMik angle. That 
portion of the swath in which the data exceed a minimum 
SNR is called the SNR limited swath. It depends, in addition 
to the above parameters, on radar backuatter intensity. 
Figure 2-3 shows the SNR-limited swath widths for both high 
(360-km) and low (22S-km) Shuttle operations, for both data 
rates, and for two minimum SNR limits. 3 and 8 dB An 
average backuatter curve is assumed with Oq *(*8 -0 2S d) 
iB, where 6 is the incidence angle in degrees For most of the 
operating range, tlie 3-dB swath widths are between 40 and 
60 km. while the 8 dB swath widths are between 30 and 
SO km. These SNR limits are deemed necessary for either 
mapping an area (3 dB) or obtaining a lully calibrated unage 
(8 dB). 

Image calibration will be performed with the aid of the 
onboard SIR B calibrator. The calibrator generates a single- 
frequency **cal toiie" that is injected into the offset video out- 
put at one of four selectable power levels. These levels have 
been accurately measured in preflight tests. The calibrator will 
be turned on for all observations that use S or 6 bps. The cal- 
tone level is chosen to be the highest level below the expected 
radar return. 

D. Data Processor 

1. Introduction 

The raw echo data collected during the SIR B miuion will 
be of two general types optical and digital. The optical data 
will be recorded onboard via fllm by the same optical recorder 
used in SIR A. The digital data may be either recorded on- 
board by an Odeticshigh-density digital recorder (HDDR) and 
subsequently transmitted to the ground receiving station via 
TDRS. or transmitted directly to TDRS. bypassing the HDDR 

2. Optical Procsoting 

Two types of optical imagery will be produced from the 
SIR B data (Fig. 2-4). The flight recorder data (8h) will be 
processed to the same quality and resolution (approximately 
40 m, 6 looks) as that for SIR-A. In addition, all digitally col- 
lected data will be converted to signal film via a laser beam 
recorder and processed in the '*survey'* mode on the optical 
correlator. This survey-mode data will provide team members 
with the capability of validating the digital data over their sites 
and accurately locating the swath. To expedite the processing 
of these data, minor ambiguities will not be corrected and the 
image quality will be somewhat degraded (50 m. 4 looks) from 
the onboard recorder products. 

The bandwidth limitations of the optical correlator will 
reduce the range resolution by a factor of two relative to the 


digital data Thui. tht optkal imagery will have a ground-range 
retolution of 30 to 100 m depending on the incidence angle. 
All optical product! will be annotated with d«te and time-of* 
acquisition marks, but no image location or radiometric cali- 
bration will be performed on these products The imagery will 
be in a slant-range presentation of approximately 500.000 1 in 
Kale (Note: onboard recorder products are required to meet 
Kale requirements within 5%). The current production whed- 
ule calls for all data to be processed optically within one year 
of the mission. This usumes 65 h of digital data converted to 
fUm and 8 h of onboard OR data 

3. Digital Procastlng 

"I'he SIR-B digital processor, which performs both range and 
azimuth compreuion in the frequency domain, is an upgraded 
Vision of the Seasat processor. The SIR-H processor, however, 
is more flexible, having incorporated the capability of handling 
data of 3, 4 , S, or 6 bps with a full range of synthetic-aperture 
lengths that result from the variable look angles ( 15 to 60 deg). 
In addition, as a result of the instability of the Shuttle as an 
imaging platform and the high look angles (up to 60 deg), 
range migratioii of the target across many range bins during 
the imaging period required Incorporation of a new aaimuth- 
compression algorithm to maintain the required SNR levels. 

Figure 2-5 shows the digital processor block diagram, which 
il* jstrates the set of supporting software modules developed to 
provide better data quality control and to simplify operation 
for maximum throughput. The input processor controls the 
data transfer, evaluates the bit error rate (BER), detects and 
fills any missing range lines, and decodes header information 
to set up the image prcKessing. This module produces range 
spectra and histograms of the raw data input. 

The input processor also determines the initial Doppler 
parameters (Doppler frequency and Doppler frequency rate 
change fj) for the preprocesu)r. This module has been up- 
graded to reduce the effects of local terrain variation by per- 
forming a regression analysis across the swath. An additional 


feature has been added to detect and correct aiimuth ambigu 
Ities resulting from large pointing errors. The image formation 
processor is shown functionally in Fig 2-6. The rectification 
and output formatting processor (Fig. 2-5) performs geometric 
and radiometric correction on the image product and dettr- 
mines the absolute location of the image center 

Tlie geometric correction converts a slant-range presenta- 
tion to a ground range presentation (exclusive of local terrain 
distortion) and removes the skew that results from Earth rota 
tion during the data collection perkul. The accuracy of the 
algorithm relative to terrain and spacecraft ephemeris error is 
specified to be let' than 0.1% relative misregistration Krou 
the swath. Output spacing is 12.5 m in both directions and 
image siae is 25 to 60 km across-irack and 90 to 1 10 km along- 
track. dependent on the imaging mode (i.e.. look angle, PRF, 
bps. and data rate). 

The radiometric compensation is designed to produce a 
relative uniformity in the image preKntation independent of 
imaging mode or target IcKation across the swath. No attempt 
will be made to relate the image gray level (8-bit magnitude) to 
the backKatter coefficient. The processor uses prelaunch test 
dattf in conjunction with in-flight Knsor data (in headci of raw 
data) to compensate for the following data characteristics: 
(1) transmitter output-power variation; (2) elevation antenna- 
pattern modulation; (3) variable slant range both acrou swath 
and at different look angles; (4) receiver gam fluctuation; and 
(5) along-track Doppler drift. It is estimated that a relative 
calibration of approximately 2 dB will be maintained over the 
digital data set. 

The image data will i;ave an azimuth resolution of 20 to 
30 m, depending on PRF and side-lobe weighting, and a range 
resolution of 14 to 46 m depending on look angle. The peak 
side-lobe response will be more than 25 dB below the main 
response and the integrated side-lobe ratio less than - 21 dB. 
The dynamic range for distributed targets will vary between 15 
and 30 dB, depending on receiver gam and bps. 


Reference 


2'l. Cimtno, J. B.. and C. Rlachi, Shuttle Imaging Radar-A (SIR-A) Experiment. Publica- 
tion 82-77. Jet Propulsion Laboratory, Pasadena. California. December IS, 1982. 
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Fig. 2-3. 8lgnal-to*nolM llmllcd SIR*B swath widths for high 
(360-km) and low (22S*kn ) altitudas and high and low data ratas; 
(a) 3-dB minimum SNR; (b) S-dB minimum SNR 
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Section III 
SIR-B Coverage 


A. Overview 

In this section, the planned covtiage with SIR B is de- 
scribed in detail. A total of about 60-million km^ of coverage 
will be acquired including 50 h of TDRS data and 8 h of 
optically recorded data. In general, data will be acquired 
directly through TDRS whenever possible; however, because 
of certain constraints imposed by having just one TDRS in 
orbit during the time of this mission, many digitally taped data 
takes will be required, (tach separate SIR B observation is 
designated as a **data take.'*) Optical data takes will be taken 
only over sites that cannot be acquired either directly through 
TDRS or on a digital tape. It is important to note that, 
although a digital data take may be acquired at any tin^e 
during the mission, it will be necessary to dump that data take 
througli TDRS at some later time, or replace the tape onboard 
the Shuttle with another blank tape. 


B. Shuttle Attitudes and Constraints 

The Shuttle TDRS link enables a large quantity of data to 
be transmitted to the ground. Only a small fraction of these 
data can be stored onboard the Shuttle (Section II. A). In 
addition, the real time use of TDRS enhances data quality 
because the higher data rate results in a larger swath width 
(Section 11. C). 

The Shuttle's flexibility in orientation increases the line-of- 
sight access to the TDRS (Fig. 3-1). In the nominal spacecraft 
attitude where the payload bay faces Earth (-ZLV attitude) 
and the nose forward, the SIR S antenna images north of the 
Shuttle ground track. With a 90-deg roll, the antenna images 


south of the ground track. A yaw maneuver of 180 deg 
reverses the coverage of either of these nose-forward attitudes 

Sliuttle maneuvers, however, do introduce some con- 
straints. First and foremost, crew safety must be assured. 
Shuttle maneuvers are limited during crew sleep periods or 
extravehicular activities. The requirements of other onboard 
experiments (for example, maintaining a particular attitude) 
affect operation of SIR B Finally , the fuel available for 
maneuvering is limited »«• supply. 

C. Explanation of Maps 

The coverage to be acquired by SIR-B »s shown on the 
maps (Figs. 3-2 through 3-0) on pages 3-5 to 3-12. The world 
has been divided into eight sections to present the coverage in 
more detail. Each section (map) shows the SIR-B test sites for 
that part of the world. The number at each site corresponds to 
a number in Table 3-1. which lists the team member and the 
target. 

The maps also show the data takes to be acquired in a 
nominal SIR B mission. The tracks shown for each data take 
represent the center of the radar swath (no Shuttle ground 
tracks are shown). 

Each data take is labeled with one or two letters that indi- 
cate a series of data takes over approximately the same area. 
Each data take in a series is acquired during one of the low- 
altitude days. Data takes acquired during the first 20 orbits 
(the high-altitude portion of the mission) are labeled HH; 
data takes acquired during orbits 21 through 33 (the medium- 
altitude portion of the mission) are labeled MM. 




TabtoVI. PraNmtfwry tM-« Mm 


Number 

Invtftlgatof 

Site name 

Number 

Investigator 

Site name 

1 

Allan 

Llfurian Sta 

61 

Fugono 

Akita Airport. Japan 

2 

Allan 

Fortlat 

62 

Fugono 

Echigo Plains. Japan 

3 

AUan 

Lima 

63 

Fugono 

Hokkaido. Japan 

4 

Allan 

Channel 

64 

Fugono 

Kathima. Japan 

s 

AUan 

Data Buoy, No. 2 

65 

Fugono 

Kagoihlmf. Japan 

6 

AUan 

Data Buoy, No. 3 

66 

Fugono 

Kuroihio Current. Japan 

7 

AUan 

Dowtinf 

67 

Fugono 

Oogata Mura. Japan 

1 

AUan 

Fred Ruiael 

68 

Fugono 

Sendai Plains. Japan 

9 

AUan 

Seven Stonet 

69 

Fugono 

Suigo. Japan 

10 

AUan 

LCNW 

70 

Fugono 

Toyohaihi. Japan 

11 

AUan 

Waverider 

71 

Fugono 

Tiukushi Plains. Japan 

12 

AUan 

Weit Sole 

72 

Fugono 

Ishikari Plains. Japan 

13 

Alptrt 

Cortica 

73 

Gray 

Labrador Coast 

14 

Alptrt 

North Sea Platform 

74 

Head 

Amazon Delta. BruU 

15 

Alpart 

North Sea 

75 

Head 

Danube Delta. Romania 

16 

Attema 

Mevoland, Netherlands 

76 

Head 

Ganges Delta. Bangladesh 

17 

BtaJ 

Afulhai Current 

77 

Head 

Mississippi Delta. Mississippi 

11 

Btal 

Southern Ocean off Chile 

78 

Head 

Niger Delta. Nigeria 

19 

BerUn 

A1 Jawf, Saudi Arabia 

79 

Head 

NUe Delta. Egypt 

20 

Btrlin 

A1 Hiima, Saudi Arabia 

80 

Head 

Volga Delu. USSR 

21 

Berlin 

Ha'U, Saudi Arabia 

81 

Head 

Carswell Crater. Caiuda 

22 

Bloom 

Argentina. No. 1 

82 

Head 

Chulevoix Crater. Canada 

23 

Bloom 

Argentina. No. 2 

83 

Head 

Oearwater Crater. Canada 

24 

Bloom 

Argentina. No. 3 

84 

Head 

Manicouagan Crater. Canada 

25 

Bloom 

Argentina. No. 4 

85 

Head 

Martin Crater. Canada 

26 

Bryan 

Deforestation. BraaU 

86 

Head 

Mistutin Crater, Canada 

27 

Bryan 

Deforestation. Brail) 

87 

Head 

Sudbury Crater. Canada 

28 

Bryan 

Deforestation. BraiU 

88 

Herd 

Illinois 

29 

Bryan 

Deforestation. Braiil 

89 

Hoffer 

JacksonvUle. Florida 

30 

Bryan 

Floodplain. BraiU 

90 

Honey 

West Salinity Site. Australia 

31 

Bryan 

Amu on River. BruU 

91 

Honey 

Archean. AustraUa 

32 

Bryan 

Amazon River, BraiU 

92 

Honey 

Bast SUait. AusUalia 

33 

Bryan 

Amazon River. BraiU 

93 

Honey 

Canberra. Australia 

34 

Bryan 

Amazon River. BraiU 

94 

Honey 

Paleo River. AustraUa 

35 

Bryan 

Amazon River. BraiU 

95 

Honey 

Davenport Downs. Australia 

36 

Bryant 

.Maree. Australia 

96 

Honey 

Eden. Australia 

37 

CoUlni 

Alpine Fault. New Zealand 

97 

Honey 

Great Barrier Reef 

38 

ColUni 

Canterbury, New Zealand 

98 

Honey 

Hamersley, Australia 

39 

CoUini 

Kaingaroa. New Zealand 

99 

Honey 

Argyle. Australia 

40 

CoUini 

Auckland. New Zealand 

100 

Honey 

Lake Eyre. Australia 

41 

CoUint 

Wairarapa, New Zealand 

101 

Honey 

Lake Eyre South. Australia 

42 

CoUini 

Taupo Volcanic Region. New Zealand 

102 

Honey 

Lake Frome. Australia 

43 

Dixon 

Precambrian Shield. Fgypt and Sudan 

103 

Honey 

Leeuwin Current. Australia 

44 

Elachi 

Rift VaUey, Africa 

104 

Honey 

Melbourne. Australia 

45 

Elachi 

Rio Pico. Argentina 

105 

Honey 

Mount lu. Australia 

46 

EUchi 

Ubar. Saudi Arabia 

106 

Honey 

Perth. Australia 

47 

Elachi 

Altyn-Tagh. China 

107 

Honey 

East Salinity Site. Australia 

48 

Elachi 

KarllkTagh. China 

108 

Honey 

Weipa. Australia 

49 

Elachi 

Ganshu. China 

109 

Honey 

Brisbane. Australia 

50 

Elachi 

Kunlin. China 

110 

Honey 

Hobart. AufUalia 

51 

Elachi 

Karakum. China 

111 

Imhoff 

Bangladesh 

52 

Elachi 

Red River. China 

112 

Johnson 

lUinoU 

53 

Farr 

Death VaUey, California 

113 

Kaupp 

CaKades. California 

54 

Farr 

Mauna Loa, HawaU 

114 

Kaupp 

KUauea. Hawaii 

55 

Farr 

Piigah Crater. California 

115 

Keyte 

Bathymetry, United Kingdom 

56 

Farr 

Snake River. Idaho 

116 

Keyte 

North Atlantic 

57 

Ford 

Colombia 

117 

Kobrick 

Lubbock. Texu 

58 

Ford 

Sumatera 

118 

Kobrick 

Shasta. CaUfomia 

59 

Ford 

Eut Borneo 

119 

Kobrick 

Sydney, Australia 

60 

Ford 

West Borneo 

120 

Koopmani 

Waddensea. Netherlands 


s 
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Tabit (cofiM) 


Numbtr Invtttifaiof Site namt 


121 

Lowman 

122 

Moore 

123 

Moore 

124 

Moore 

125 

Moore 

126 

Moore 

127 

Moore 

I2S 

Paris 

129 

Paris 

130 

Paris 

131 

Pair 

132 

Parr 

133 

Ramapriyan 

134 

Ramapriyan 

I3S 

Ramapriyan 

136 

Rkhards 

137 

Richards 

131 

Richards 

139 

Richards 

140 

Richards 

141 

Richards 

142 

Richards 

143 

Richards 

144 

Richards 

I4S 

Richards 

146 

Richards 

147 

Schaber 

148 

Schaber 

149 

Schaber 

150 

Schaber 

151 

Schaber 

152 

Schaber 

153 

Schaber 

154 

Schaber 

155 

Schaber 

156 

Schaoer 

157 

Schaber 

158 

Schaber 

159 

Sieber 

160 

Sicber 

161 

Sieber 

162 

Simonett 

163 

Szuszcxewkz 

164 

Taranik 

165 

Taranik 

166 

Taranik 

167 

Taranik 

168 

Taranik 

169 

Taranik 

170 

Taranik 

171 

Taranik 

172 

Taranik 

173 

Toksox 

174 

Toksox 

175 

Toksox 

176 

Ulaby 

177 

Ulrkkson 

178 

Wang 

179 

Winokur 

180 

Winokur 


Bancroft. Canada 

Hawaii 

Kalklandi 

Jam aka 

Lttttr AntiUct 

Puerto Bko 

Altutlan Itlandi 

Central Valley, California 

New Lngland 

Raliln City, California 

Helvetia. Arixona 

Silver Bell. AiUona 

IlllnoU 

Sydney. Australia 
Shaita, California 
Adelaide. Australia 
Am«Jeus Basin. Australia 
Canberra, Australia 
Cane F 'eldt. Australia 
Fowler's Gap. Aust*dla 
Melbourne. Australia 
NSW Wheat Belt. AustralU 
Perth. Australia 
Pooncark. Australia 
Sydney, Ausualla 
Brisbane. Australia 
Augrabies Falls. South Afrka 
Aus. South Africa 
Lake Dow, South Africa 
Molopo. South Africa 
Walnes Bay, South Africa 
Confluence. Egypt 
Saf Saf. Egypt 
Sellma Sandiheei. Egypt 
Terfawi. Egypt 
Mongolia 
Wuwei. China 
Peru Coast 
Botswana 
Freiburg, Germany 
Koln. Germany 
Cascades. California 
Peru 

Beatty, Western U.S. 

Fish Lake. Western U.S. 
Goldfield. Western U.S. 

Long Valley, Western U.S. 
Mount Grant, Western U.S. 
Walker Lane. W'estem U.S. 
Pahrump Valley, Western U.S. 
Tonopah. Western U.S. 

White Mtns.. Western U.S. 
Eut Turkey 
Northwest Turkey 
Western Turkey 
Illinois 
Gland 

Fresno. California 
New York Bight 
NOSC Tower. California 


-ZLV NOSE FORWARD 
(NORTH LOOKING) 


NOSE FORWARD, 90« ROLL 
(SOUTH LOOKING) 
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The Interpretation of SIR-B Imagery of Surface Waves and Other Oceanographic 
Features Using In-Situ, Meteorological Satellite, and Infrared Satellite Data 

Team Member 
T. Allan 

Inttftut# of Ocoanographic Scmr»c9% 

Surroy. Unrtod Kingdom 

Collaborators* 

T. Ouymer 

Institute of Oceanographic Science 
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I. Description of the Investigation 

A. Main Objective 

The overall aim is to interpret SIR B imagery of selected 
ocean areas near the United Kingdom using available data from 
ships and buoys, with particular emphasis on understanding 
the mechanisms involved in the backscattering of microwaves 
from the sea surface and their relationship to surface gravity 
waves. 

B. Secondary Objective 

To use a multispectral approach to study sea-surface expres- 
sions such as slicks, internal waves, and eddies. Infrared 
imagery from the operational NOAA satellites will be received 
contemporaneously with the SIR-B mission at the National 
Environmental Research Ccuncil (NERO receiving station at 
Dundee. The preferred area of operation is the Western Medi- 
terranean because; 


( h It is more cloud free than the sea areas around the 
United kingdom. 

(2) It is known to produce many fronts, eddies, and slicks. 

(3) It is the southern limit of NOAA coverage from 
Dundee. 


II. Description of the Experiment 

Emphasis will he placed on three areas around the United 
Kingdom where we know wave observations will be made. 
These, together with the surface data that may be available, 
are shown on the attached map (Fig. 1 ). 

We should also like to carry out a multispectral analysis of 
surface expressions in the Western Mediterranean (Fig. 2). 
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Adilitionally» »incc our oiigiful propout v^ai »ubmitlcd, wc 
have been made aware of a large>ualc Norwefian experiment 
to meaiure surface waves around the Ekofisk Held in the 
Niirth Sea; this experiment should he Initiated in Septeni* 
her 1^84. The position of the Ekofisk platform is shown on 
Elf I. 

III. Approach for Data Acquiaitlon, Handling, 
and Analyala 

Essentially, the Institute of Oceanographic Sciences has 
been Involved in assessing the potential value of utellite micro- 
wave remote sensing of the iKean surface since before the 
launch of Seasat. l^ndouhtedly, synthetic-aperture radar 
imagery has revealed a wealth of surface detail that could have 
been observed in no other These surface expressions must 
be related to deep-iKean and coastal processes that take place 
within the water column and could therefore act as a valuable 
aid in interpreting physical interactions. 

The striking wave imagery revealed by Seasat - especially 
around the Joint Air-Sea Interaction Experiment (JASINl 
area, which we studied in detail - could prove to be of con- 
siderable value to commercial applications as well as to scien- 
tific investigations of wave generation and propagation. But 
there are severe doubts about the fidelity of the surface-wave 
directional spectrum revealed by an orbiting synthetic -aperture 
radar. The content of the SAR spectrum is almost certainly 
a function of the ltM>k direction relative to the dominant direc- 
tion of wave propagation. It is this effect that we shall investi- 
gate by acquiring surface buoy measurements of wave height, 
direction, and period wherever they arc reliably measured 


around the United Kingdom and by comparing these with two- 
dimensional Eourier iransltums of the digital SAR wenes of 
surface waves. 

The approach to a multispectral analysis of eddies and 
fronts will be different We have noticed in the Wertern Medi- 
terranean that Seasat SAR imagery revealed surface details 
that were completely absent from the co.res|>onding tnfrared 
image taken from NOAA-5. Likewise, small temperature 
changes revealed in the IR record were not always evident in 
the SAR record. We wish to carry out further investigations 
on how best to integrate microwave and infrared imagery of 
the sea surface over an area that is relatively cloud free. The 
Western Mediterranean infrared data will be received by the 
NE RC receiving station at Dundee. 

IV. Expected Results 

This is basically a high-risk experiment. The chances of 
surface waves around the United kingdom being consistently 
large enough to be imaged over a series of consecutive days in 
September are not high. If wc arc lucky, waves might be 
imaged in one of the areas where we have reliable surface 
observations Thus, although we would have preferred 
repeated passes over one location. DB 2. to increase the proba- 
bility of imaging waves, we can now accept the alternative 
strategy of imaging over several areas around the United King- 
dom and alerting all in-situ wave-measuring operations in these 
areas. 

If all goes well, we expect to be able to extei.d the limited 
analysis already carried out on the Seasat SAR imagery. 
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I. Objectives 

A. Ocean Surface Waves 

The finit objective of thU investigation is to study the 
imaging mechanism of ocean surface waves by SAK. We will 
perform directional ocean wave spectrum measurements 
simultaneously with SIR-B overflights in the North Sea. and 
then compare these spectra with the SAK image spectra. 
Extensive theoretical studies on the imaging mechanism of 
surface waves by SAR have been performed by our group 
(e.g.. Refs. 1 through 6); these studies need experimental 
testing. The main problem encountered in the imaging process 
is the proper description of the SAR response to the motion 
of the ocean surface. This response is highly nonlinear for a 
wide range of sea*state and radar parameters. We want to test 
with the SIR-B data whether the SAK response to wave 
motions is property described by our theory. Since the sea 
state is very rapidly changing in the North Sea. we consider 
that the sea :;tate is the principal variable parameter in this 
experiment for studying the imaging process. (That is, we 
have no specific requirements on the incidence angles.) 


We have now a computer program (Monte-Carlo simulation) 
that allows computation of two-dimensional SAK image 
spectra from given two-dimensional ocean wave spectra. In 
our imaging model, the ocean wave L-band radar modulation 
transfer function (MTF) enters. Together with W. C. Keller 
of the Naval Research Laboratory in Washington. D. C., we 
will initiate a program in January 1984 to measure this MTF 
from the German North Sea Research Platform as a function 
of wind speed, incidence angle, and several ocean wave param- 
eters. Inserting these MTFs. we anticipate that the calculated 
SAK image spectra will agree with the measured SAK image 
spectra. 

B. Surface Films 

The second objective of this investigation is to study the 
L-band SAR response to surface films of different chemical 
structure. A main goal of this part of the experiment is to 
find out whether mineral- (crude-) oil films can be discrimi- 
nated against monomokcular surface films on L-band SAR 
images. Monomolecular films often occur on the ocean surface 
and are produced by plankton or Hsh. We plan to lay three 


r 

i. 


dlffertnt irtUkUl munofnolecular tilm% and a mineral'iHl 
nim on tha ocean uirlact. 

The three monomolecular turface-fUm materials are: 

( 1 ) Oleylalcuhol. 

(2l 01eic*acid*met>l ester. 

(3) Poly oxy ethylene alcohol. 

The film material of the monomolecular slicks is dissemi* 
aated from a helicopter in small frozen chunks, such that 
large connected sea slicks covering an area of 1 to 3 km^ are 
produced The mineral oil is spilled from a ship. The amount 
of crude oil spilled into the North Sea will probably be 1000 
kg. but it is subject to government permission 

The three monomoixular surface films of different chemi- 
cal structure attenuate the short ripple (Bragg I waves differ* 
ently Therefore, we also expect different SAK responses. In 
addition, we will overtly these oil spills with a surveillance 
airplane that Is especially equipped with sensors for detecting 
oil spills. These sensors are X-band SI AK. IR I'V scanners, 
and cameras. 


II. Technical Plan 

We have arranged that the German research vessel G'eirss 
of the Deutsches Hydrographisches Institut (DM. German 
Hydrographic Oflice) will be cruising from August 31 to 
September 14, l^^hd. in the German part of the North Sea 
shelf, which is shown on Kig. 1. A pitch and-roll buciy for 


directional wave measurements will be operated from the 
ship. The position of the ship can be r wed in this sea area 
such that it is in the SAK path during the Shuttle overflights. 
Wave directional measurements can be performed day and 
night. 

The crude oil will be spilled from the Gauii during one 
suitable overflight. Adjacent to this mineral-oil film, the three 
monomolecular oil films will be laid from a helictrpier. The 
helicopter will operate from the German North Sea Research 
Platforn (34 degrees. 42.0 minutes N; 7 degrees. 10.0 minutes 
t). 

We will arrange for the oil pollution surveillance plane 
owned by Riijkswaterstraat. North Sea Directorate. The 
Netherlands but which is also at the disposal of the 
Deutsch(*s Hydrographisches Institut - to survey the German 
Bight area and make several flights over the oil spills. The 
equipment used in this study is described below: 

(If Oil surveillance plane Cessna-Titan 404. (The sensor 
package was developed by the Swedish Space Cor- 
poration.) 

(2) SLAR: frequency, 9.4 GH/; ground resolution. 7Sm X 
7Sm: display range. 20 to 80 km on both sides: peak 
power, 10 kW . 

(3) IR t’V wanner: channels. 0 to 14 microns (IK) and 
0.3 to 0 4 microns (UV); resolution. 2 meters at 
1000 feet flying altitude: field of view. 80 degrees: 
sensitivity of the IK channel less than 0.5 K. 

(4) Hand held and vertical cameras. 
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I. Description of the Investigation 

In contrast to remote sensing systems working in other por- 
tions of tlic electromagnetic spectrum, microwave remote 
sensing systems offer the important potential of mcasuiing the 
parameters of the Hartirs surface quantitatively without the 
need of suptwrting surface observations. Measurements can be 
made day and night under adverse weather conditions because 


of ihe ttansparency of the atmosphere at microwave frequen- 
acs. Important applications of this capability are in the areas 
of wiiui Uetermination at sea and. for agriculture and forestry, 
the estimation of soil moisture, soil roughness, and vegetation 
cover. 

To fully ieali/.c this potential with spaceborne SAR. the 
instruments involved must be calibrated and a reliable relation 
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must be available between the radar backscattering coefficient 
and the surface parameters of interest. 

The objectives of the present experiment are, therefore, 
verification of SIR B calibration using airborne scatterometer 
underflights and validation of surface parameter estimation 
using in-situ data collection in a unique wellcontrolled 
reclaimed land area (polder) in the Netherlands. 

II. Description of the Experiment 

An ideal method for validating the attempts made to radio- 
metrically calibrate SIR B would be to Image a uniform 
extended target of known radar cross section. A very good 
approximation of such targets can be found in the Nether- 
lands* polder area, where the agriculture is on large Helds 
under strict governmental control (Fig. 1). The homogeneity 
of these Helds in terms of Harness, soil type, and agricultural 
practice is unique. To determine the actual radar cross section 
of the Helds under Investigation, underHights with DITSCAT, 
a specially designed multifrequency dual-polari/.ation airborne 
scatterometer under construction at the Delft University of 
Technology, will be used (Fig. 2). 

In the second part of the experiment, SIR B imagery taken 
at different incidence angles will be used to produce estimates 
of soil moisture and microroughness by applying inverse scat- 
tering algorithms based on a currently available multilayer 
scattering model for vegetation-coveted soil (Ret. 1). This 
model, based on past experience acquired in a radar signature 
research effort of over ten years (Ref. 2), indicates that the 
radar cross section of these types of targets depends on a 
limited number of predominant surface parameters, such as 
soil moisture, soil (micro-) roughness, and biomass. The rela- 
tive importance of these depends on radar parameters (inci- 
dence angle, wavelength, polarization) and on crop type. For 
a one-dimensional SAR (sin^)e frequency, single polarization, 
single incidence angle) any of the above surface parameters 
can be remotely sensed successfully only if there exist sensor 
parameter combinations for which the sensitivity for one 
parameter dominates the others However, when multiangle 
imagery is available, the inverse scattering problem may be 
solved using a suitable signature model. In the present experi- 
ment. radar-derived estimates will be compared with data 
acquired simultaneously in situ. 


III. Approach for Data Acquisition, Handling, 
and Anaiysis 

The acquired SIR B imagery at differ**'! icidence angles 
will first be subjected to manual interactive or automated Held 
boundary detection, in the latter case using a split-and-rnerge 
algorithm that has been successfully applied to radar data 
taken over the same area. The next step will be within Held 
averaging of intensity to yield a table of Held-averaged, radar 
crou sections as a function of incidence angle for a certain 
number of Helds. These numbers will be compared to the 
airborne scatterometer results. 

The same data will also be used to Ht the soil scattering 
model described in Ref. 1 to yield best-Ht soil moisture and 
roughness values for the Helds under investigation, assuming, 
as a Hrst-order approximation, the vegetation to be suffi- 
ciently transparent to L-band. The best-Ht estimates are then 
compared with in-situ esomates. 

As a second step, the model parameters will be adjusted to 
allow for an increasing effect of vegetation cover both in vol- 
ume scatte.ing and in attenuation With the adjusted model, 
the soil moisture, roughness, and biomass will then be esti- 
mated again using the above Htting procedure. 

The final estimates will be finally compared with the in-situ 
estimates. 

IV. Expected Results 

It is expected that the experiment will produce a table of 
SIR-B-to-DUTSCAT biases over a number of different uniform 
Helds of sufficient size. To evaluate the signiHcance of these 
biases, an error budget for DUTSCAT at L-band will be given. 

Furthermore, the experiment will demonstrate the capa- 
bilities of quantitatively estimating both soil moisture and 
rougliness with rnultiangular L-band imagery. The experi- 
ment will also shed some light on the effect of vegetation 
cover and the ability to estimate biomass for a certain number 
of important agricultural crops. If this part of the experiment 
meets with success, it would be the first time a spaceborne 
SAR proves to be an accurately radiometrically calibrated 
tool from which actual surface parameters can be derived 
quantitatively. 
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I. Description of the Investigation 

The primary geographic focuti of thi^ experiment u the 
southeastern coast of South Africa, a region long notorious for 
its hazards to ships attempting to take advantage of the strong 
Agulhas Current. The hazards, which sometimes take the form 
of extreme (>20*m height) waves, can sink or seriously dam- 
age ocean vessels (Ref. 1 ). Little data exists on the occurrence 
of these extreme waves, and 'ittle is known of their causes. 


They are known to originate from the interaction of swell 
(propagating northward from the extreme Southern Oc.'an) 
with the strong, generally opposing Agulhas Current, but they 
may be triggered by a particularly favorable set of local wave 
conditions. 

With the recent advent of spaceborne SAR, it may be pos- 
sible to monitor certain properties of the ocean wave direc- 
tional spectrum, and to track the I*)ng swell systems as they 
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propilgjitc noithwjrd to encountei the Agulhai^ Recent ScmmU 
SAK 4n«ly»h on welKalibrited digital spectra hat confirmed 
that »paceborne SAK, under at leait M>me environmental con- 
ditions and instrument geometries, can accurately track multi- 
ple wave systems over several hundred kilometers (Kefs. 2 
and J). Similarly, recent investigations have also suggested the 
possibility of measuring surface winds and ocean currents 
using SAK data ( Ref. 4 ). 

The secondary geographic focus is an area centered just off 
the southwest tip of southern Chile, at the northern limits of 
the Drake Passage. SIK-B verification and calibration experi- 
ments will be conducted by collecting simultaneous and 
coincident measurements of the directional energy spectrum 
from the NASA/Wallops P-3 aircraft, using a surface-contour 
(raster-scanning) radar and a surface-wave (conically-scanning) 
spectrometer. 

II. Description of the Experiment 

This experiment is specifically designed around the unique 
capability of SIK B to overcome key limitations of the Seasat 
SAK data set. and to extend the existing Seasat results into 
new areas. Specifically, we intend to exploit SIK-B character- 
ist cs in the following ways. 

( 1 ) Track ocean wave systems having higli significant wave 
heights over many thousands of kilometers and under a 
variety of environmental conditions. 

(2) Utilize the variable-incidence-angle capability to 
examine wave imaging quality and to attempt Doppler 
current measurements. 

(3) Verify that the lowci rangc-to-velocity ratio of SlK-B 
will lead to improved response of azimuth-traveling 
wave systems. 


As shown in Fig 1, the primary scientific collection sites 
are in the vicinity of ascendiiig orbits where the swell origi- 
nates. and northeastward through and past the Agulhas core. 
Secondary verification sites are shown in Fig 2. All ascending 
and descending passes in these two areas are of interest for 
data acquisition. 

Our initial aims will be 

(1) To obtain a single set of orthogonally-collected (20* 
incidence) ocean-wave spectra and to correct for the 
total system transfer function. 

(2) To obtain two Doppler profiles (i.e., signal tapes) of 
the Agulhas Current at 4S* incidence. Tnis data set will 
be useful in studying current detection. 

(3) To obtain at least one pass with variable squint, and to 
investigate the azimuth dependence of backscatter. 

(4) To obtain at least two sets of SAK wave spectra for 
comparisons with the aircraft underflights off the 
coast of Chile, and to verify the SAK capability for 
measuring true directional energy spectra. 

With these initial objectives accomplished, we will then 
move into the applications aspect of the experiment, i.e., glo- 
bal wave tracking and wave/current interactions both around 
the Agulhas region and the Drake Passage, and a more compre- 
hensive time/space description of the two-dimensional wave- 
energy fields present during the experiement. This aspect of 
the experiment will involve blending together data from South 
African wave-rider stations (cf. Kef. 5). simultaneous current 
profiles of the Agulhas, and the various wave measurements 
obtained from the NASA P-3 aircraft in the Drake Passage. 
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Fig. 1. 8IR-B data prooaaalng petorttlaa for tha Agulhaa/Rogua 
wavaa axparlmant (locatlona art approilmata only) 
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I. Description of the Investigation 

The primary objectives of the investigation are to determine 
fully the utility of SIR B images for: (1) providing valuable 
surface indicators for ground>water prospecting in the Arabian 
Siiield (Task 1). and (2) identifying and asseuing defining 
characteristics of ;and sheets, sand streaks, and sand dunes in 
the fringe areas of An Nafud and Al Jafurah (Task 2) (Fig. I ). 
Specific objectives include the following: 

(1) Determine the incremental contribution of incidence 
angle to the total information that can be extracted 
from SIR B standard and digitally-enhanced images in 
the Al Jafurah fringe area. 

(2) Determine the incremental contribution of digitally- 
registered multisensor images (SlR-B. Landsat MSS. 
and Landsat TM if available in all test sites). 

(i> Develop a groundwater exploration plan for the 
Ha*il test area in the Arabian Shield. 


(4) Implement a multitemporal analysis (JIR-A and 
SIR B images) to determine if sand movement occurred 
in the fringe area of An Nafud (Al Jawf test site) 
between 1981 and 1984. 

(5) Determine if the SIR B radar pulses penetrated drift 
sand in the Al Jawf and Al Jafurah test sites as was 
first discovered for the hyperarid region of the eastern 
Sahara with SIR-A data. 

(6) Determine the best system parameters for future use of 
NASA spaceborne imaging radars for desert ground- 
water prospecting and eolian monitoring studies. 


II. Description of the Experiment 

This SIR-B investigation addresses two important problems 
in the Kingdom of Saudi Arabia - the discovery of new 
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groundiArjtft rtMrvt» in iht Ar«bun Shield lleUi II end the 
moniloring of drifting und depouti (Ti»k 2) The Ha*ll 
region lervei ai the test ilte fur Taik 1, and the A1 Jawf and 
A1 Jafurah areas serve as lest sites for Task 2 (Fig 1 ). 

Task 1 IS concerned with developing and lestuig a cuncep* 
tual getihydrologic model applicable to groundwater explora- 
tion in the Arabian Shield. The three-dimensional model relates 
pertinent geologic, geomorphic. hydrologic, and biologic fea* 
tures and their Interrelationships with subsurface hydrologic 
conditions. Our approach is to evaluate the utility of SIR B 
standard and digitally-enhanced images and Landsat MSS and 
TM (If available) digitally enhanced images for identifying and 
assessing the environmental interrelationships The incremental 
value of each data set will be determined, and integrated inter- 
pretive results wdl then be used to develop an exploration plan 
that predicts groundwater recharge, cKcurrence. and move- 
ment. We will visit those areas targeted as favorable ground- 
water sites to determine which warrant geophysical testing 
and/or the drilling of exploration wells. 

Task 2 Is concerned with determining the contribution of 

(1) multilook SIK-B images. (2) SIK-B digitally registered 
images, and (3) multisensor integrated images (SIK-B, Land- 
sat MSS. and TM. If the latter is available) for identifying 
and assessing the defining characteristics of mobile sand 
sheets, und streaks (stringers), and und dunes. The test sites 
selected for this task lie in the fringe areas of two sand seas - 
An Nafud and Al Jafurah 

For the Al Jawf test site (An Nafud), which was imaged by 
SIK-A. the eolian deposits generally assunie a streak of stringer 
form. Because the region Is largely uninhabited, no stabili/a- 
tion programs have been implemented by the government. The 
second test site, Al Jafarah. represents an area where molv* 
und has impacted upon transportation systems, urban centers, 
and agricultural areas. Unless stabilized, the eolian deposits 
are highly mobile and have been known to advance 12 meters 
in a single year. For this reason, government countermeasures 
have included the planting of nullions of eucalyptus and 
tamarisk trees, the placement of und fences, and the spraying 
of the windward side of dunes with asphalt or oil emulsions. 

During the OSTA-3 mission, team members will collect 
ancillary ground-truth information in the lask 2 test sites. 
Helicopter and associated field vehicle and field camp support 
will enauie us to reach numerous measurement stations (loca- 
tions determined by advance field reconnaisunce). Measure 
ments will determine sand depth (hand digging, augering. and 
possibly electromagnetic sounding), moisture content, gram 
size dlsuibutions, reflectance properties (hand-held radiom- 
eters). and vegetation cover when present (line-intersect 
method). Aerial-oblique and ground photographs (3S-mm 


color and color infrared) will be taken at all umpimg stations. 
In addition, supportive weather data for the period will be 
obtained from the appropriate meteorological stations. 

Once the image interpretation phase has been completed, 
ground surveys will be carried out to provide necesury base- 
line Information to evaluate the poteritlal uufulness of .SIR B 
and other remotely sensed data for eolian applications in the 
Kingdom of Saudi Arabia. Results will be directly applicable 
to the goals of the Saudi Arabian National Deurtiflcation 
Committee, chaired by Dr. Zaki .Munshi, who is a collaborator 
on the SIR-S Project. 

III. Data Acquiaitlon and Handling 

A. Landsat MSS Indapandant Procaaaing 

Once the survey-optical SIR-B images are received from 
JPL. the appropriate digital Landsat MSS frames will be 
selected from the three test sites (Fig. 1 ). An ai.empt will be 
made to select MSS frames that have ( 1 ) no clouds. (2) high 
band-quality ratings, and (3) favorable Sun angles and azi- 
muths Digital subscenes that duplicate SIR-B ground coverage 
will be subjected to two types of digital processing > image 
restoration and image enhancement. 

Image-restoration ("clean-up") algorithms. elir.dPate most 
of the undesired artifacts and distortions; the output data 
bases incorporate corrections for atmospheric scattering. 
Sun-elevation variations, noise striping, line drops, and *>eo- 
metric errors 

Theme-dependent enhancement algorithms will then be 
implemented on the three test -site data bases Enhanced image 
products, incorporating contrast stretches, will include the 
following: 

( 1 ) Simulated natural color with edge enhancement. 

(2) Color infrared with 3dge enhancement. 

(3) High-pass filtered color images. 

(4) First -difference horizontal, vertical, and diagonal 
images. 

(5) Triple-ratio color images 

(6) Normalized-ratio color images. 

Similar image restoration and enhancement algorithms will 
be applied to Landsat TM data if they are available. 

B. SIR-B lnctop#THl#n! ProcMsIng 

If the standard digital SlK-B images are found to have 
speckle noise and/or shading problems, a correction technique 


will he implemented to luppreu thcie iieitiitive ef'tecti. Low 
puift ipaiial filtering (kmoothiiig function) may alio be u»ed to 
tuppreti noiie 

Image enhancement in the form of various lincaf and non* 
linear itretchei will be applied to those digital imagei lacking 
icene contrast to improve feature or pattern detectability. 
Certain of the multilook SIK H images will also be Hlfered 
with high-pass spatial algorithms to enhance wadi networks, 
lineaments, and line.-^r features (e g., dikes) (Test Site 1). plus 
geologic and geomorphic contacts or boundaries (all test 
sites). 

C. Data Marglng 

The first task will center on coregistering the Landsat MSS 
images and the SIK H multilook images To accomplish this. 


the following opeiations will be executed Ki)uentiaily:( 1 ) both 
the Landsat MSS (also IM data if available) and SIK H image 
data will be preprocessed to remove undesirable artifacts and 
geometric distortions. (2) the MSS data will be scaled during 
the geometric correction siage to the same grid and pixel si/e 
as the higher resolution SIK H data, and (3) corresponding 
tie-point will be identified on both the MSS and SIK-H data 
sets and used to digitally register the images. 

Once the data sets have been coregistered, several avenues 
of enhancement will be explored in our study. For instance, 
one radar image in the digital domain can be added to, sub- 
tracted from, or divided into each of the MSS bands, produc- 
ing new bands 4. 5. and 7 for color combining. Cortelation 
matrices and arithmetic mean and standard deviation values 
for the SIK-H and MSS images will also be used to determine 
which data sets should be merged. 



Fig. 1. SIR-B tMt tltM. Kingdom of Saudi Arabia; (1) Ha ll. Taalc 1; 
(2) Al Jawf, Taalc 2; and (3) A1 Jafurah, Task 2 
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I. Introduction 

The proposed analysis of SI K B data extends our current 
research in the Sierras Pampeanas and the Puna of northwestern 
Argentina to three major topics: 

(1) Determination - by digital analysis of mountain-front 
sinuousity - of the rehi ve age and amount of fault 
movement along mountain fronts of the late-Ceno/oic 
Sierras Pampeanas basement blocks. 

(2) The age aiu history of the boundary across the Andes 
at about 27®S latitude between continuing volcanism 
to the north and inactive volcanism to the south. 

(3) The age and extent of Pleistocene glaciation in the high 
sierras, and the comparative importance of climatic 
change and tectonic movements in shaping the 
landscape. 

The integration of these studies into other ongoing Cornell 
geology projects (Ref. 1) will contribute to the understanding 
of landform development in this active tectonic environment 
and help distinguish between climatic and tectonic effects on 


landforms. On a larger scale, it will provide us with more know- 
ledge about interplate dynamics and the deformation of two 
contrasting parts of the upper plate during ocean-continent 
subdutfion. The Sierras Pampeanas (between 27* and 33*S 
Lat) lie in a region of shallow and destructive seismicity over a 
segment of low-angle (^'flat-slab'*) subduction of the Na/ca 
lithospheric plate. No active volcanoes occur in this region in 
contrast to the Puna (north of 27*S), which has modern vol- 
canism and lies over a steeply subducting Na/ca Plate segment. 

II. StylB and Timing of Late-^nozoic Fault 
Movements 

Areas of active faulting can be evaluated with the mountain- 
front sinuosity index: the ratio of the measured length of a 
segment of mountain front to the straight-line distance between 
the end points along a fault-bounded mountain (Ref. 2). A low 
sinuosity index characterizes straight, and therefore presum- 
ably tectonically active, high-angle mountain-bounding faults. 
Exceptions occur however, such as the straight segment of 
Sierra Quilmes, which is only the contact of the dip slope with 
basin alluvium (Fig. 1). An embayed, eroded mountain front 




with a higher tlnuoiity index it indicative of an inactive 
boundary. The western slope of Sierra Aconquija is bounded 
by a high angle, east dipping reverse fault with mttamorphic 
rocks thrust westward over upper Tertiary sedimentary rocks 
(Fig I). The measured index of 1.7 (scale of 1 to 10) suggests 
considerably high tectonic activity. Tephra collected from 
undisturbed alluvial terraces along the western side of Sierra 
Aconquija will permit closer restraints on the minimum age of 
fault movements through radiometric dating. Mountain-front 
sinuosity indices that are calibrated with radiometric ages in 
this area will eventually be extrapolated to evaluate fault 
chronology of other mountain fronts within the Sierras 
Pampeanas. 

III. Spatial Dlatiibutlon and Timing of 
Volcanic Evanta 

The Puna (north of 27*S) stands above 4 km elevation, and 
includes many young volcanic features. In its southern part is 
C^:ro Galan. one of the world's largest resurgent calderas 
(Refs. 3, A, and 5). V'c hope to characterize the age of the 
volcanic landscape in the southern Puna by measuring surface 
texture and roughness parameters. We want to test the hypo- 
thesis that the southern boundary of active volcanism coin- 
cides wUh the boundary between steep-slab and flat-slab 
subduction ind determine the timing of volcanic shut-off over 
the flat-slab zone. 


IV. Climatic Change va Tectonica in 
Landform Development 

Valleys and piedmont regions of northwestern Argentina 
are characterized by multiple valley and piedmont terraces 
that have traditionally beer explained by alternating climatic 
changes in the Pleistocene Epoch. Terrace building has been 


correlated with glacial or pluvial intervals, and degradation or 
dissection correlated with interglacial or interpluvial intervals. 
However, Pleistocene glaciation was very restricted on the high 
but relatively dry mountain peaks SIR-B images will permit 
detailed analyses of surface roughness, texture, and pattern tc 
determine piedmont and valley terrace distribution adjacent to 
glaciated mountains. If extreme topographic distortion can be 
overcome, we will also look for surface roughness and textures 
characteristic of possible glacial features in high mountain 
valleys. The spatial and stratigraphic relations between the 
glacial features and terraces will help to discriminate between 
climatic and tectonic controls on terrace development. We will 
test SIR-B image analyses by continuing Held studies such as 
terrace mapping and correlation, surface lithology and cobble- 
size measurements, and radiometric dating of terraces. 

For mountain-front sinuosity indices, we will need SIR-B 
images at multiple azimuths to compensate for the directional 
dependence of the radar data. For surface-roughness analysis, 
we will need multiple look angles of the ume areas. For both 
types of analyses, pixel-to-pixel registration will be required, 
where topographic distortion is not too severe. Coregistered 
images can then be analyzed in ways comparable to multi- 
spectral images, providing information about features that 
trend in various directions, and allowing parameters that are 
dependent on incidence angle, such as surface toughness, to be 
measured. If thematic mapper (TM) data are available, they 
will also be coregistered with SIR-B data and used to identify 
glacial and volcanic features. The response of surface materials 
to the different radar and multispectra! wavelengths will be 
used to discriminate bedrock from its weathering and erosional 
products and, with pattern and texture analyses, will be used 
to discern the relative ages of volcanic and glacial landforms 
and sediments. In as many places as is possible, features will be 
studied on the ground to identify the surface materials and 
geomorphology that produce the radar and multispectral 
responses. 
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I. Description of the Investigation 

Three aspects of the physical ^eogiaphic environment of 
the Amazon Basin are conside ed (1) deforestation and 
reforestation. (2) floodplain dvr* ethics, and (3) fluvial geo- 
morphology. Three independeri projects '^rt coupled in this 
SIR-B experiment to improve \fie in-place research and to 
ensure that the SIK-B experif* ini stands on a secure base of 
ongoing work. For each cr *-. major benefits to De obtained 
from the SIR-B images center on: (1) areal and locational 
information, (2) data fn .n various depression angles, and 
(3) digital radar signato Although the work conducted in 
these research projects extends over several years, specific 
ground truth for wf'j defined areas will be obtained during 
.SIR-B operations Detailed analysis will be conducted 

for selecicu sites to d*;llne how well SiK-B data can be used 


for: (1) definition of extent and location of deforestation in 
a tropical moist forest, (2) definition and quantification of 
the nature of the vegetation and edaphic conditions on the 
varzea (floodplain) of a central reach of the Amazon River, 
and (3) quantification of the accuracy with which the geometry 
and channel shifting of the Amazon River may be mapped 
using SIR-B imagery in conjunction with other remote sensing 
data. 

il. Objectives 

The objectives are to conduct investigations of a tropical 
rain forest Three aspects of the physical environment to be 
studied in detail are* 

( 1 ) Deforestation and reforestation. 
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(2) Floodpliin dyumics. 

(3) Fluviuil fiomorpliology ut a larfr tropical rivtr. 

Wtih reipect to the fmt poruon ot the tnvaii4#ation. the 
ob|tcti«c ii to dPtantfw the accuracy wiifi which location, 
areal emteant, and raie of deforetuiiof) tlUt 1) can be mea- 
Hired uamg SIK-B data. Thit objectivr focnta% on the devel- 
opmeat of ;fuantitativ€ and qualitative leitrrpretation key^ for 
orlMHi L-iwiid radar ^ch keyt will ba for recent clear- 
cuts low and trea oijaitaciofis in a moiat tropical en* 

vtroaHMHt T^ttuiuiiquef fo- the extrapolatiof of theie keyi to 
other iMHt tr^ipecHi foreit!i *f the world will be developed 

The iHcnod area 4 study c«oncerm the dynanocii of fUiod* 
plains m imt tropical ecotyitemi. The ranfc radar detect- 
ability of Mterent edaphic coivditiona h to br determined. 
The pniiiary uh|acUwai are to ( I ) (quantify the depree to which 
the preteif*^ ^ adaent^' water b- ncath the * inopy may be 

detected asder JoMd i>ies and at three different look 

angles (21* ^ <0 degree » (2) quantify the degree to which 

the preieru^ m beencr *f water in the presence of low- 
floating tnd grasses may be detected at these 

different look jiid <3) quantify the degree to which 

radar texture at l >|»aad may vary in response to different 
swamp conditions ^ me difterent look angles. 

The third obfective Is to ascertain the utility of orbital 
radars for detecting river-channel changes and to determine 
the degree of .qt icctlon between the river and the various 
kinds of lakes on its floodplain. Because of the annual flooding 
of large portions of the Amazon river, the application of a 
general biogeochemical river model is complicated and ex- 
changes of water and nutrients between the channel and 
floodplain must be quantified (Ref. 2). It is proposed that 
SIR*B data be utilized to identify sectors that can be inte- 
grated into a larger model of the river being developed for 
study of the biogeochemistry of carbon in large river basins. 
All study sites are identified in Fig. 1 and Table 1. 

III. Approach 

A. Fiscal Ysar 1984 

This period will be spent primarily in the acquisition of 
collateral information and the intfroretation of SIR- A data 
collected in November 1981. Using these data, we plan to 
identify the spectral signatures of SIR-A data for row crops, 
river banks, tree plantations, pasture, rubber plantations, 
undisturbed forest canopy, and different varzea habitats in 
the test areas. Clearcuts adjacent to or upstream from current 
or potential dam sites will be identified and mapped. These 
quantitative and/ or qualitative results on vegetation will be 


compared with the work presently being conducted at JPL 
and the published results of others. With respect to defor- 
estation, this work will concentrate on the state of Rondonia 
and Mato Grosso, with additional sites being defined by the 
availability of satellite and collateral data Studies of the 
floodplain dynamics will focus on (I) determination of the 
signature of the major varzea habitats. (2) determination of 
the rates of channel shifting. (3) determination of drainage 
patterns and areal extent of terra firma and of inundated and 
noninundated floodplains, and (4) documentation of lake 
morphometry and the degree of interconnection between the 
lakes and river. With respect to the fluvial geomorphulogy 
studies, three reaches of the Amazon/Solimoes River have 
been identified for study (Ref. 3). vU: (1) 4(X) to 12(X) km 
downstream from Tabatinga. the only reach where the river is 
freely meandering: (2) 15(X) to 2200 km downstream from 
Tabatinga (Manacapuru to Obidos). an area of a broad, active 
Hoodplain of low sinuosity: and. as a target of opportunity, 
(3) 12(X) to 1500 km downstream from Tabatinga (R. Japura 
to Manacapuru). a confined reach with low sinuosity and 
narrow floodplain. Field work will be conducted during the 
flight of SIR-B 

B. Fiscal Ysar 19SS 

The work during this period will concentrate on the exam- 
ination and analysis of the SIR-B data to ( 1 ) ascertain if the 
data expectations were met. (2) evaluate the veracity of the 
interpretation schemes developed during the previous year 
as applied to SIR-B data, and (3) study change detection 
through the comparison of Radar Mapping of the Amazon 
(RADAM). SIR-A. and SIR-B data. The determination of 
the areal extent of deforestation for particular regions through 
the comparison of the several data sets will be Included in 
these activities. 

C. Fiscal Ysar 1986 

This year will be employed primarily in the final write-up 
of experimental results, together with statements and discus- 
sion of the problems encountered, and including recommen- 
dations for future work. 

IV. Anticipated Results 

Interpretati' n keys for SlR-A and SlR-B imagery with 
respect to deforestation, reforestation, land use. and flood- 
plain habitats will be developed. Although they will be devel- 
oped primarily for optically correlated data, statistical data 
from selected digitally correlated data will be included. It is 
anticipated that, through the incorporation of the several 
radar data sets, rates and trends of deforestation in the study 
areas will be defined. These results will provide valuable 
quantitative inputs to global CO 2 models. The quantification 
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of the de« i %o whWh the prewnce (or eb%ence ) o( ^tending 
water under low vegetation and under cloved rain forevt 
canopy may be detected at different radar depreulori angles 
fi a major anticipated revuli from the study of the fl(M>dplaln. 
The auevunent of how the effects of different radar depres- 
sion angles (for L-HH data) appears to relate to the overall 


structure of the plant community Is also a major anticipated 
result l-lnally. It Is anticipated that there will be an assess- 
ment of the utility of using orbital radars such as SIK<B for 
mapping river channels and vegetative boundaries In moist 
tropical forests, together with the Identification of temporal 
changes in these features. 
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I. Objectives 

(1) To contribute to the effectiveneis of the SIR-B pro- 
gram by deployment of arrays of pauive corner reflec- 
tors on suitable surveyed sites to provide: 

(a) A surveyed ground marker for SIR-B orbital- 
correction calculations. 

(b) Reflectors for calibration. 

(c) Controlled distribution of reflectors for resolution 
and dynamic range investigations. 

(2) To carry out signal processing investigations using a 
computing system based on three array processors. 

(3) In conjunction with an existing DRCS program of 
oceanographic remote sensing using a large HF skywave 
ladar, to investigate the synergistic benefits of simul- 
taneous sensing of the ocean by two wide-area remote 
sensing systems (viz, SIR-B and the HF radar). 


II. Description and Approach 

A. Com«r R«fl«ctor Exp«Hm«nt 

The corner-reflector experiment will comprise two arrays 
situated at different locations and illuminated by different 
series of SIR-B passes. 

It is planned that the main array will comprise eleven cor- 
ner reflectors located so u to be illuminated by at least two 
passes at differing incidence angles. This array will be located 
at a suitable flat surveyed rite on a dry lake bed in South 
Australia. 

While dry conditions normally prevail in the far north of 
South Australia, the August/September period during which 
the SIR-B misrion will occur is the end of winter and the 
beginning of spring, and thus the possibility of rain has to be 
considered. SIR-A imagery of Lake Torrens and some adjacent 
lakes (obtained at the end of summer) showed low reflectivity. 
The neaby Lake Eyre and Lake Frome was not covered by the 
SlR-A swath. A site survey early in 1984, including surface 
and subsurface soil sampling of Lake Eyre, Lake Frome, and 
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Adjactnt laktt covtred by thf SIR A twath. will be carried out; 
from thli, a litt will be chosen. A secondary array comprising 
three refleciori will be placed at Fowlers Gap. New South 
Wale% (latitude 31* lO'S. longitude 14I*40'E) 

A conservative analysis was carried out of the reflector 
radar crou section (RCS) required to meet the objectives of 
the corner-reflector related experiments. Allowance was made 
for the ume a/imuth and incidence-angle losses used by 
Coriander (Ref. 1). The results obtained are the RCS sizes of 
triangular corner reflectors with a 9-dB RCS-to-clutter ratio 
allowance. 'Slightly* rough moist soil conditions were assumed. 

On the basis of the foregoing, a corner-reflector array was 
determined with a range of radar cross-section reflectors to 
suit the objectives of the experiments. 

For the dynamic-range experiment, it is planned to deploy 
corner reflectors with a range of radar crou sections. The 
largest will be a corner reflector with a gai.* n excess of 40 dB 
with respect to I square meter, and the lowest will be below 
10 dB m^. Intermediate values of RCS will be met by corner 
reflectors required for the other experiments described below. 

For the radiometric calibration investigation. 1.7-m trian- 
gular corner reflectors are to be used (RCS ■ 28.0 dB m^jto 
minimize errors due to angular orientation errors. These corner 
reflectors will be oriented as far as possible to the optimum 
azimuth and elevation angles for each SIR-B pass. The large 
size will reduce gain variation due to edge RCS-induced 
ripple. The use of an active radar calibrator (L-band trans- 
ponder) would give greater accuracy, and the acquisition of 
such a unit is being investigated. 

The resolution experiments will use five corner reflectors 
of approximately 20 dB m^ RCS These will supplement the 
corner reflectors already deployed by providing additional 
cases of more closely spaced reflectors. 

For orbital-correction calculations, the corner reflectors 
deployed for the dynamic range and calibration experiments 
will provide a large-RCS. well deflned array. 

The extent to which geometric calibration will be addressed 
is dependent on the siting of the main array and the location 
in the image Held of objects at surveyed locations. Additional 
markers for geometric correction may be deployed depending 
on assessed needs. 

The spacing of corner reflectors will be chosen to allow 
investigation of image resolution using various signal process- 
ing techniques. The orientation of the array itself will be 
chosen to minimize the possibilities of side lobes from corner 
reflectors overlapping other corner-reflector images. 


B. Signal ProMMlng Expartmant 

1. tlficription of the Computing System. Signal processing 
will be carried out on an existing computing system that is 
presently optimized for the FFT-based Doppler processing of 
signals for another radar pr<)ject. 

The data proceuing/display system is under the control of 
a pair of PDF 11/34A computers. Attached to one computer 
via a UNIBUS arc J.^ee array processors ( ARO) and a 2-Mword 
multiport memory (MPM). Each of the AROs. for example, 
can perform a 2048-point complex FFT in 4.3 ms. A 40-bit 
complex word is used consisting of a common 8-bii exponent, 
a 16-bit real mantissa and 16-bit imaginary matissa. The MPM 
has up to 10 ports that can be simultaneously accessed at a 
10-Mword/s rate. The MPM is linked to the second PDP 
1I/34A. which is used to control the displays. The primary 
display will consist of a Lexidata 34(X) Graphics Processor. 

The data input/output from the system will be via two STC 
19S1 tape drives These two 9<track drives operate at 6230/ 
16(X) bits/in. The drives can dump data directly into MPM and 
then use an ARO to unpack the data. 

2. Software Efficiency. Due to the size of the MPM. 
transform sizes should be limited to 2 Mwords for the sake of 
efficiency. 

The time taken to process a 1024- X 1024-pixel SAR array 
based on the CRC digital processing (as an example) is esti- 
mated at IS s. This figure is based on the assumption that 
techniques can be found to reduce the data-dependent opera- 
tions to an insignificant fraction of the total number of 
operations involved in the processing and is achieved because 
of the large MPM. 

For a typical SIR-B image array size, the efficiency drops 
dramatically, but is still very satisfactory by current standards. 
Allowing for disk shuffling required for nonconcurrent reading 
and writing of large amounts of data, the approximate time for 
a 4096 X 1024 CRC type of processing would be 300 s. 

3. Proposed Experiments. In addition to the experiments 
described eailier, viz calibration (geometric and radiometric), 
resolution, and dynamic range, the following additional inves- 
tigations are proposed. 

(1) Muirilook PrcKessing, The Doppler bandwidth required 
for azimuth resolution varies from 310 Hz for 23 m to 
1300 Hz for 6 m, assuming SIR-B has an orbital 
velocity of 7770 ms’*. This means only one look can 
be utilized if an azimuth resolution of 6 m is ro be 
achieved. Single- and multilook processing of various 
scenes will be investigated. 


(2) Sprtkk \oli€ KeJui'ikm SpcikJt noiK reduction 
uung ipiiiaJ niicrlng inilcid of the multiKH>k pro^tu* 
irig will be uddreued. The ^)eckle none reduction 
inherent In the ipetiaJ Oltcring technique li greeter 
then thet Khleved by multilook pioceuing due to iti 
tieo dimenuonel neture. 

(3 1 FUtrrtng Appropriete dele will be lelecllvely filtered 
to empheii/e feeturei of the dete for exerr.ple. high- 
pen filtering to empheii/e direclionellty. Thli it eppli- 
ceble to the invetligetlon of periodic feeturet in the 
lendicepe end to oceen imeging Iniliilly* the principel 
eppllceiloni will be to <H;een Imeging. but et e leter 
ttege other lend feeturei mey be Inveitigeied. 

ill. Oceanography 

The JINDALEt Stege B reder it e lerge HF tkyweve reder 
loceted in Centre] Auitrelle end looking to the northweit. 
Although It It being developed primerlly for netlonel defente, 
the remote tenting of the tee turfuce end tubtequent Inference 
of oceenic wind fleldi It en importent mittion for the reder. 
To tupport thli pert of the JINDALEt progrem. exteniive 
obtervetloni end ipecieJ experiments with off shore beecons 
ere plenned. Perticuler emphetis will be pieced on severe 
storms end tropicel cyclones. 

The viebility of sky we. e reder sensing of the oceen surfece 
et renges up to 4000 km hei been firmly cttebllshed by U.S. 


reteerchert. perticulerly et NOAA. NRL. end SRI (e.g.. Refs 2 
end 3). Austrelien Kitntittt feniUier with the U.S. work heve 
elrtedy demonstreted simller cepebillties with the JINDALEb 
reder end ere presently ettempting toextend them (e g.. Refs. 4 
end S). Obterveblet Include rms weveheight end swell perKKi 
end direction. Not elJ of these ere routinely evelleble beceuse 
of Ionospheric distortion of the reder signel. but seme (e g., 
preveiling wind direction) ere elweys ecceulble. Accurecies 
ere typicelly compereble with velues cited In the lltereture for 
Seeset. 

MF reder sheres with setellites the cherecteristic thet Its 
meesurements ere not point observetlons but evereges over 
extended erees typicelly kilometers In extent. Thus, while they 
tend to be more meeningful then point observetlons es fer es 
geophysicel signlficence Is concerned, it Is difficult to obtein 
relevent see-t^***b dete for velldetion end relinement of the 
Kettering modi.i end the essocieted Inversion elgorlthms. In 
this regerd. eny errengement whereby setelllte end HF reder 
meesurements over e designeted eree could be compered 
would be of greet mutuel benefit. 

The SIR B mission provides en opportunity to ecquirc 
comperison dete sets for e greet expense of oceen off north- 
west Austrelie 

The primery erea of interest Is between 10**S and 20^S lati- 
tude end 120^E end 130^E longitude, though u>me edjecent 
erees cen be Interrogated using the JINDALEE reder 
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I. Introduction 

A number of scientific issues exist concerning the ice cover 
of the Sou* erii Ocean. Up to the present, the only data of 
sufficiently One resolution to resolve major ice features and 
thus permit description of ice conditions such as tloe si/c and 
fracture patterns has been a few NOAA and Landsat scenes 
severely limitated bv weather and liglit. Landsat scenes have 
not provided the repeated coverage required for fine-sca*e 
ice-velocity determination. The key scientific questions 
concern the transfer of momentum from the atmosphere to 
the sea. the consequent mixing of the upper ocean, and the 
budgets of !ieat and ice. To fully evaluate these processes, a 
detailed muitiinvestigator, multidisciplinary study is needed 


involving scientists stationed on the ice, drifting data buoys, 
and satellite support. Prior to such a study, a pilot satellite 
experiment is called for to determine the applicability of 
imaging radar such as synthetic-aperture radar (SAR) for the 
description of ice type and movement. SIR B is useful as the 
pilot instrument. 

II. Objectives 

The objectives of the proposed study are: 

(1) For the Weddell Sea ice, to investigate thf ranges of 
radar backscatter and the features identifiable as a 
function of illumination geometry. 
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(2) To cimduct a icifntin.^ study, necessarily uf a trial- 
study form, of the sea ice in the transition from 
compact pack to ice edge, including pack morphology, 
ice-drift speed, ice deformation, oceanic features, and 
ice and heat budgets. 

(3) To examine the synergism of colcKated radar and 
visible/IR images capttali/ing on the differences in 
ref1ectanc*e backscatter, and surface temperature 
among the ice types expected in the region. 

(41 To conduct correlation and image processing experi- 
ments on the SAR images to further an existing 
program in ice classification and feature tracking. 

In the NASA Farth observations program, the SIR-B 
Southern Ocean ice study supports instrument and technique 
development (or application of SAR and other observational 
data to scientific and operational problems. The large-scale, 
inhospitable conditions, and remoteness of the ice-covered seas 
calls for satellite observations, and the vigorous role of sea ice 
in climate, ocean dynamics, and operations motivates work in 
this area. 

III. Description of the Experiment 

These experiments will utilize spacecraft datn exclusively , 
no in-situ measurements will be acquired. The attack on the 
four listed objectives involves the use of established methods 
of SAR image analysis in collaboration with lecognized 
experts in the sea ice of the two polar regions and with the 
in-house expertise in remote sensing fundamentals. To investi- 
gate feature identification in the various images, the Shuttle 
photography, the Them.tic Mapper (TM), and the SIR at 
various incidence angles, tables of features for each image 
^'snapshot** will be constructed by a number of the individual 
collaborators. These tables will be compared and merged to 
find the relationship of discemability to instrument param- 
eters. Once these tables are constructed for each image, the 
interinstrument synergism will be the natural outgrowth of 
differences in the tables. The principal kinds of differences will 
be of two sorts: features missed by one sensor and resolved by 
the other, and features of apparently opposite trends of 
strength or resolution in the images. Both such differences are 
valuable. 

The approach to using SIR-B and TM in image-classification 
research is simply to utilize these images in an ongoing search 
for an optimum computerized classification scheme. At 
present, the source for images for this research is exclusively 
Seasat SAR. and it thus suffers from a severe regional, 
seasonal, and instrumental limitation. Even so, reasonablt 


progress has been enjoyed in two methods of classification 
One IS based on attributes such as brightness itself, local mean, 
local variance, regirmal variance, and the like; the other it 
based on a mathematically strict methinJ in which each pixel is 
described by a matrix of correlations with neighboring pixels. 

The final and nent difficult objective it the scientific study. 
This work will utilize the results of the other three tasks The 
ice-velocity and deformation determination will be done using 
subsequent image feature tracking methods previously worked 
out for Seasat and now being used for Seasat data in a joint 
JPL-University of Washington deformation study, which will 
simply be extended for the SIR-B data. Data on deformation 
and drifts of Southern Ocean ice may be the ,nost exciting 
results of the joint study. The determination of ice-pack 
morphology, the description of sizes, shapes, and frequency of 
occurrences of features, will be done by comparing the radar, 
photography, and TM data, and by referring to previous work 
on the Bering Sea by S. Martin and others. The estimation of 
S|t; B TM data applicability in heat-flux and ice-budget calcu- 
lations IS somewhat risky and relies on the quality of result of 
the classification rou’ine and on getting adequate TM cover- 
age. It is not known if a significant fraction of the open-water 
features of importance to heat-flux calculation will be resolv- 
able, as their size distribution in that area is simply not known. 
However, merging the results of the ice-velocity data and the 
ice-classification results will provide a trial ice budget and will 
guide future experiments seeking to refine the measurements. 
The role of Thematic Mapper is to improve ice classification in 
the scientific study. 

IV. Expected Results 

The experiments proposed should yield: 

(1) Quantitative knowledge of gain and loss of resolvability 
of various features as a function of instrument param- 
eters and hence an **ideaP* instrument configuration. 

(2) Values of ice-drift speed, deformation rates, floe sizes 
and shapes, ridging densities, ice loss and formation, 
and ice-edge characteristics. 

(3) A a*Meimination of whether Thematic Mapper data can 
materially aid ice-condition description, expecially 
through improved iriformation on surface albedo and 
temperature. 

(4) An improved ice-classification scheme for use with 
SAR images in geophysics applications. 

These results will constitute an important cont:ihi ti« n to 
the understanding of the role of se * ice in cii -sea interacoon in 
the polar region. 
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I. Introduction 

We have prepared a coordinated national proposal for 
utilizing SIR B data for scientiric investigation in New Zealand 
(Ref. 1). New Zealand is an outstanding site for radar invests 
gations for the following reasons. It lies on a t^.ctonic plate 
boundary and is heavily faulted, volcanically active, and geo- 
logically diverse. It features one of the world's longest and 
clearest fauit lines. Much of the country is covered in dense 
native forest, and large regions such as Fiordland and North- 


land are very rarely cloud free. Our proposals emphasize 
these special features of New Zealand. 


At present, no synthetic-aperture radar imagery of New 
Zealand is available. Our overall objective is to use SIR-B data 
to study unusual features of New Zealand so as to increase our 
understanding of these features and the SIR-B data itself, and 
to develop SIR expertise in New Zealand. 
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II. Geological Investigations 

The aim of the New Zealand geological investigation is: 

(U To dehneute fault lysteim throughout New Zealand 
This includes active faults and older faults associated 
with the several orogenic episodes throughout New 
Zealand*! geologual history. The location of New 
Zealand across the junction of two major tectonic 
plates, the Pacific and Indian-Australian Plates, makes 
New Zealand an ideal place for such tectonic studies 
The active Alpine f ault is along the pLte boundary 
and will be studied in detail 

To map structural features in lemote mountainous and 
heavily vegetated areas. 

(3) To compare SIR B imagery with LANDSAT multispec- 
tral imagery. 

Ground-truth will come from surveys of active fault traces 
and from geological map,>ing. Existing surveys along the active 
faults will be compared to SI K B imagery and extrapolations 
and interpolations made, where possible, from the new data 
A comparison with existing geological maps will also be made 
and any newly discovered features will be investigated by field 
parties. The relationships between lineaments and structures 
with mineral occurrences will also be investigated. 

Several university geology departments together with the 
New Zealand Geological Survey will be investigating the geo* 
lop;cal aspects of SIR B imagery. The main areas of interest are 
shov n in Fig. 1 . 

f>'l. Oceanographic Investigation 

The aim of this study is to correlate SIR B and Advanced 
Very High Resolution Radiometer (AVHRR) imagery of an 
ocean eddy to increase our understanding of the interaction of 
the Southland Current wi»h the East Cape Current in this 
region (Ref. 2). 

The eddy is bathymetrically locked southeast of Wellington, 
and its behaviour is being regularly monitored using AVHRR 
data. SIR B imagery of the study area (see Fig. 1) will be 
registered and correlated with rectified AVHRR data and with 
giound truth data from other sources. These will include 
surface-ship measurements of temperature and tidal data. 

The eddy may have enough change in reflectance at L band 
across its section to show its structure, especially under calm 
conditions. 


IV. Forestry Investigation 

I he aim of this study by the New Zealand Forest Service 
is to assess timber volume by determining the age and li/e of 
pine forests from SIR-B data 

Ground-truth information on si/e. volume, and age of for- 
est stands «n the test area is available from the department*! 
records. This information will be obtained, and. in addition, 
aerial photographs and further ground truth, such as forest 
moisture content, will be gathered during the Shuttle over- 
passes. Transponders may also be used to determine the 
amount of penetration of the radar through the forest canopy 

The test area is to be located in the Kaingaroa State Forest 
in the central North Island. The SIR-B data will be analyzed 
together with rectified Landsat imagery and digitized ground 
truth. 


V. Agricultural Investigations 

The aims of this project, to be carried out by the Ministry 
of Agriculture and Fisheries in Canterbury, are: 

( 1 ) To detect soil moisture by comparing SIR B data with 
simultaneous gravimetric data, particularly in the low- 
lying area in Ellesmere County and adjacent to Lake 
Ellesmere, and to identify the “wet lands’* in the 
mountain catchment of the Kakaia River. 

(2) To use SlR-B data to discriminate land cover in a 
region that has previously been the subject of an inten- 
sive investigation using Landsat and aircraft scanner 
data. 

The simultaneous ground data to be obtained will consist 
of soil-moisture analysis, and pasture, crop, and ground 
cover in term^ of variety, stage of growth, disease, and weed 
infestation. The interactive image processing system at the 
Physics and Engineering Laboratory (PEL) will be used to 
analyze the available SIR B. ground-truth, and Landsat data. 

Vi. Data Acquiaition, Handling, and Analysis 

PEL will fulfill a coordinating role Digital and photo- 
graphic data products will be received at PEL from NAS.\. 
Digital products will be processed at PEL as required, and. in 
addition, investigators from other institutions will be able to 
make use of the facilities at PEL for their data analysis. Photo- 
graphic products will be duplicated at PEL and disseminated 
to other investigators. 
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Wc propose a SIK H study of the Precamhriun Shield in 
southeast Egypt and northeast Sudan in an area east of the 
Nile. 

The research would have two goals. First, we hope to 
confirm and quantify the phenomenon of radar penetration 
of thin (<5 m). dry eolian/aiiuvial cover, which can result 
in subsurface basement imaging. Second, we will use the 
penetration phenomenon to map presently covered or 


poorly known structural and lithologic features. Analysis of 
SIR*A imagery in the shield indicates that fault-related 
lineaments and folds are easily discerned with L-band radar 
imagery, but are not visible in Landsat MSS or KBV imag- 
ery. Buried granitic plutons and dyke swarms are alsi' 
visible m the radar imagery. Detection of such features 
must be due either to radar penetration or subtle surface 
effects that are currently unmodeted and cannot be imaged 
with the high-Sun angle Landsat system. The structuial 




dau from our uudy ihuuld b« a major new con»traint on 
the late Precamhrian tectonic history of northeast Africa 
The identification of fitherto undetected granitic plutons 
J dyke swarms may have important economic implica* 
lions. Economic metal deposits (eg., Au. U) in the 
Sudanese/Egyptian Shield are often associated with late- 
state granitic magmas, hut surface-visible deposits, espe- 
cially gold, are largely depleted due to a long (^5(KX)-y ear) 
mining history . 

Th<. ptoposcd study area is optimum for sti'dies of 
radar pinetration and subsurface imaging since a strong 
contrast in dielectric constant exists between crystalline 
basement and covering layer. Surface outcrops are also 
abundant, enabling precise location and identification of 
features. 

After image anal> ii, subsequent field work would mea- 
sure **depth to baschicnt'* in a number of areas where pene- 
tration was observed. The effect of variable incidence angle 


(preferably between 20* and SO*) and the influence of 
signal quanti/ation level (dynamic range) on detection of 
subsurface features will also be determined during ptrsi- 
mission image analysis. This requires at least one repeat 
pass and careful attention io signal calibration. 

During image acquisition, variables related to the pene- 
tralnm phenomenon that might exhibit temporal variation 
vill be measured or sampled in the field. Chief among these 
is soil moisture, which probably exhibits diurnal and sea- 
sonal variation. This will be measured directly by taking 
regolith samples in sealed containers. In addition, its effect 
on the dielectric constant will be measured in two ways. 
First, samples will be taken for postmission measurement of 
dielectric constant. Second, the attenuation of the SIR-B 
signal as a function of depth in the regolith will be mea- 
sured at several test sites by deploying a multiantenna 
calibrated receiver. The antennae will be deployed on the 
surface and at several depths. This requires that SIR-B 
orbit predicts accurate to about 1 km be known at least 
I day in advance. 
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I. Objectives 

Wc propose to develop and use techniques for quantitative 
interpretation of SIR B data for lithologic identification and 
mapping Our specific objectives are to investigate the use of 
backscatter vs incidence-angle signatures derived from SIR B 
images and SIR B images in conjunction with images from 
other sensors for geologic mapping. This proposal addresses 
objectives stated in the SIR B Science Plan (Ref. 1) under the 
heading of **lithologic mapping experiments.*' 

A. Um of Backtcaftor vs Incldsnco-Angis Slgnsturss 

SIR-B images can be used to quantitatively determine the 
roughness, and in some cases the dielectric constant, of geo- 
logic surfaces. This may be accomplished through the use of 


scattering theories such as the Bragg-Rice theory (Ref. 2). 
which gives the backscatter cross section in terms of wave- 
length. incidence angle, dielectric constant, and size of scat* 
terers. Surface roughneu can be used to infer lithology and 
geomorphic processes, since physical weathering processes 
often lead to diagnostic surface configurations for different 
rock types in specific climates (Refs. 3 and 4). Dielectric con- 
stant is related to composition, parking, and moisture content 
of geologic units. Tlicse parameters are important for the 
mapping of alluvial and playa deposits. 

The objectives of this part of the proposal are to develop 
the theoretical models necesury for the determination of 
surface roughness and dielectric constant from backscatter 
vs incidence-angle data (Fig. 1). and to define the surface 
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rc»u|hri«ii ind dicltilric coiutant chiracl<riitii;% of lock l> pc% 
in varioui chm«le% that may alltiv^ ihclr idenlifkalion in SIK H 
image %«u 

B. Um of SIR-B With Othof Sonsort for 
Qoologlc Mapping 

One of the main goali of geologic remote wniing u to pro- 
duce inapi lowing the dutrihution ol rtitk typ«» in an area 
Viilhlc-neardnfiared and midinfrared Mmori. uich a% the 
Lind t Multuptctral Scanner I MSS) and Thematic Mapper 
iTM). and the airborne Thermal Infrared Multupectral Scanner 
tTIMS). are aeniitive to surface chemical compoaition. and 
vegetation type and denvity, broad*band thermal infrared cen- 
sors. such as the 1M and that used in the H( MM. are sensitive 
to bulk thermal properties of ricai-surface materials R^dar 
can provide information complementary' tovuible-near-lnfrared 
and infrared images about vegetation density, slope angles, 
and the physical geometry of rock outcrops Taken together, 
radar, visible, near-infrared, midinfrared. and thermal infrared 
images provide a multisensor data set that can be used in a 
synergistic manner to resolve ambiguities that may be present 
in images from single sensors Studies in Capitol Reef National 
Park. Utali. (Ref. 5) have demonstrated this piitential and have 
shown the increased utility of rnultiseiisor image sets for the 
ideniifiiation of specific rock types 

To map rock types from space using multisensijr data sets, 
the multisensor ‘‘signature** of the rock types must be krumn. 
This has been accomplidicd for visible, near-infrared, and mid- 
infrared wavelengths through the use of field and laboratory 
measurements (Refs. 6. 7. and H). Theoretical and laboratory 
studies have also been used to calculate thermal properties for 
many rock types (Ref 0). Field measurements can also be 
made of the surface roughness or backscatter response of geo- 
logic surfaces Both airborne and truck-mounted scatteioneters 
are avaJable that give a calibrated measure .lent of ickscattcr 
from *elected areas, while close-range s pho: jgr.immctry 
furnishes a way to measure surface roovimess Many radai sig- 
natures cm be empirically derived trom analysis of SIK-H 
images of areas of known rock types. The radar signatures 
described abtive furnish a potential input to assist m the iden- 
tification of rock types 

Our objective is to integrate multiincidence-angle radar 
images from SIR-B with visihle-near-infrared and thermal- 
infrared images in order to develop multisensor signatures for 
rock-type identification. 

II. Approach 

The assessment of tecliniques for the quantitative geologic 
analysis of SIR-B data will involve tests of their validity in 


gfologicilly diverse terrilns. In this section, we dcKribc the 
techniques to be developed and ways for testing them. «nd 
give i hit of potential test sites of diverse geologic seiniig 

A. Um of Bocicftcaltof vt IncRMnco-Angl# SIgnoturot 

The availabilit) of SIR-B images iibtaincd at different inci 
dence angles will allow us to use theoretical rntniels to dc.er- 
mine roughness of getilogic surfaces from their backscatter vt 
incidence-angle response Theories exist that predict radar 
backscatter from deterministic and statistical dewriptions of 
surfaces (eg. Ret 2) Preliminary results using calibiated 
Seasat images and watterometer data ol Pisgah Crater show 
that these theories are accurate only for sliglitly rough surfaces 
(Ret. 10) A further drawback to the use of a single incidence 
angle for calculation of surface roughness is that like-polari/ed 
radar returns from a single incidence angle are most Knsitlve 
to only one Kale of surface roughness Since multiincidence 
angle SAR images are sensitive to a wider range of surface 
roughness, we will he able to more accurately predict surface 
roughness for a variety of geologic surfaces. 

Supplementary data will he used to verify backKatter- 
surface-roughness calculations. To calculate backwatter vs 
incidence-angle response, an accurate representation of a sur- 
face must be obtained. We will use pole-mounted and balloon- 
borne cameras to obtain high -resolution stereo models of 
ground surfaces from which power spectral density and then 
backscatter can be cV :'ated. The inverse problem of calcula- 
tion of surface roughne»s from backwatter will be tested by 
the collection of calibrated watterometer data at several inch 
dence angles from both the JPL aircraft and truck-mounted 
systems, from which surface roughness will be calculated for 
the same tesi sites hxtensive field mapping and sampling will 
b*r required to assess the effects of stiil moisture, dielectric 
constan* and vegetation density on the calculated returns. 

Potential test sites for these studies will center on and to 
semiand climates, where vegetation does not completely mask 
the underlying surface. Table 1 lists potential sites, which 
include the Death Valley area. Pisgah Crater. Owens Valley. 
Capitol Reel. Snake River Plain. Patrick Diaw and Hawaii. 
These areas contain a diversity of surface roughness related to 
mapped age and lithologic units, and exhibit a variety of 
vegetation cover. The response of different rock types to 
physical weathering in a range of climates can be assessed w ith 
these sites This will also contribute a variety of backscatter 
vs incidence-angle signatures for rock types ir different 
conditions. 

B. Use of SIR-B With Other Sensors 

Strategics must be developed to integrate the geologic 
information provided hy the above techniques with data 
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obtained in other wavelengths. One ut the most efficient 
ways to identify and map lithologic units with remote sensing 
is to compile a library of known signatures (backscatter func- 
^tjn. spectral, thermal) for the rock types to be mapped. 

signatures for various rock types must be obtained and 
»4 ;ed in this library. Backscatter vs incidence angle, or surface 
ioughness and dielectric constant signatures, can be gathered 
.«! lock types in arid to semiarid climates where vegetation 
.s :i minor factor. 

The uniqueness of SIR-B-derived signatures for different 
rock types must also be evaluated. This will be done through 
statistical techniques such as principal compiment and linear 
discriminant analysis. The synergistic effects of the addition 
of SIR-B signatures to those from other wavelengths will also 
be evaluated by these techniques. Once we have confidence in 
our ability to identify rock types through these signatures, 
we can attempt extensions to geologic mapping in relatively 
unknown areas. 

Test sites for this part of the study will include a variety 
of well-mapped areas of different climate and vegetation 
cover, that have been, or will be. covered by the TM, MSS, 
HCMM. or TIMS. Sites from Table 1 include the Death Valley- 
Panamint Mountains area. Owens Valley, Hawaii. Capitol Reef, 
and Patrick Dra>v . 


III. Anticipated Reauits 

We expect to demonstrate the value of multiincidence- 
angle SAR images alone, and in concert with images from 
other sensors, for use in geologic mapping by the application 
of quantitative interpretation techniques. Radar signatures 
for various rock types in different geologic settings will be 


derived from field measurements and tests, and the technique 
of searching SIR-B and multisensor image sets for known 
signatures will be used to map lithologies in test areas. 

A. UMOf Backsorttof vtlnckltnc^-AngteSIgnaturM 

We expect to he able to match theoretical and SIR-B- 
derived backscatter signatures for rough surfaces A specific 
lithologies. The compilation of a library of bickscatter vs 
incidence-angle response of rock types in different climates 
will then allow rock-type identification within oounds deter- 
mined by the uniqueness of the signature. This will improve 
our ability to map lithology from radar images alone and pro- 
vide an input to multisensor signatures. 

B. Um of 8IR-B With Othof Sonoors 

Combination of the above signatures with those obtained 
for other wavelengths should optimize our ability, to map rock 
types from space. We expect to define some of the limits on 
lithologic identification from space through the analysis of 
multisensor im:«ge sets from test sites of diverse geologic and 
climatic character. The relative merits of different sensors for 
geologic mapping in different settings will be determined. W'e 
expect SlR-B to contribute to rock-type identification through 
its sensitivity to the physical character of rock outcrops and 
local slope angles. Visible, near-infrared, and midinfrared sen- 
sors furnish data on composition, while thermal-infrared images 
can be used to interpret bulk themial properties. 

Depending on the geologic problems to be solved, it may 
not be necessary to obtain data from all possible sensors. 
Through statistical analyses, we expect to be able to define the 
most useful data sets for the identification of specific suites 
of rock lypes in specific climates. This may allow future opti- 
mization of data collection before analysis. 
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Site 


Climate 


Vegetation 


Relief 


Geologic Features 


Death Valley- 
Panamint Mts. 

Arid 

O-scrub 

Hawaii 

Semiarid- 

tropical 

0-jungle 

Snake River 
Plain 

Semiarid 

O-scrub 

Owens Valley 

Semiarid 

Scrub 

Pisgah Crater 

Arid 

O-scrub 

Galapagos 

Islands 

Tropical 

0-jungle 

Patrick Draw 

Semiarid 

Scrub 

Capitol Reef 

Semiarid 

Scrub 


0-high 

Variety of well-mapped rock 
types, alluvial fans, playas. 
evaporites. pediments; sur- 
face roughness and scatter- 
ometer data available 

Moderate 

Well-mapped lava flows of 
different types and ages: 
vegetation variations 

Low 

Well-mapped lava flows of 
different types and ages; 
surface roughness and scat- 
terometer data available 

Low 

Fans and glacial deposits 
of known ages; multisensor 
test site 

Low 

Lava types, fans, playa; 
surface roughness, scatter- 
omcter, and calibrated Seasat 
and aircraft SAR data 
available 

Moderate 

Lava Hows of different types 
and ages; SIR-A coverage 

Low 

Subtle radar anomalies: 
Geosat test site (oil and gas) 

Moderate 

Variety of well-mapped rock 
types, surface cover, and 
vegetation: multiiensor test 
site (SlR-A, Seasat, Landsat. 
HCMM) 
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AIRCRAFT SAR IMAGES 
OBTAINED AT THREE 
INCIDENCE ANGLES WITH 
SCATTEROMETER TRACK 
OVERLAID 


BACK SCATTER RESPONSE OF THREE 
AREAS SHOWN AT LEFT 

A: SMOOTH LAVA 
B: ROUGH LAVA 
C: ALLUVIAL GRAVEL 


Fig. 1. Simulation of mumin c ldanca angla SAR by Itw JPL ab c r a f t SAR, and badiacaltar 
rraponaa from liiraa gaoloql c auriaoaa at Plagab Lava FMd, Callfomla 
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I. Description of the investigation 

The principal objectives of this investigation are to evaluate 
SIR B image coverage of equatorial rain forest in Indonesia 
(particularly Sumatra and Kalimantan) for the purposes of 
geological mapping thiough a diversity of incidence angles, and 
quantifying SIR-B signatures from the canopy as a function of 
incidence angle. A supporting objective is to compare the 
SIR-B backscatter from rain forest at L-band with backscatter 
acquired by the Seasat scatterometer system at Ku-band over 
corresponding areas. 


The investigation is directed at achieving better quantitative 
understanding of the effects of radar illumination diversity for 
geologic mapping and interpretation in continuously vegetated 
tropical terrain. It forms part of the NASA research program 
to further our understandi. g of spaceborne imaging radar for 
purposes of evaluating and monitoring Earth resources. 


II. Description of the Experiment 

We will make a comprehensive evaluation of the discrimina- 
tion and mapping capabilities on SIR-B images of geologic 
features in Indonesia that are covered by equatorial rain-forest 
canopy. Both mapping-mode and multiple-incidence-mode 
coverages are required. Map units based on image tone, 
texture, and pattern will be related to geologic features based 
on ground truth and supported by Held checking. We will 
select equatorial rain-forest terrains that have varied and 
diverse geology for SIR-B mapping-mode coverage. 

From the SIR-B coverage of equatorial rain-forest canopy, 
we expect to obtain radar signatures that express the topo- 
graphic character of the underlying surface to some extent. We 
will quantify the radar signatures by relating backscatter (Dq), 
as a function of incidence angle (0). through the range of 
incidence angles available in the SlR-B data set. We anticipate 
obtaining an average value of Oq from dense level canopy and 
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observing a gradual variation of Oq with 6, This will serve as a 
standard of reference for comparison and for observing other 
variations that are due to slope effects, or radar penetration 
below the canopy, or local physical changes in the cover. 

The SIR-B data will be compared to Landat multispectral 
scanner (MSS) and thematic mapper (TM) images wherever 
possible, and to available aerial photography. Corresponding 
SIR-A and airborne X-band SAR coverage will be contrasted. 

III. The Approach for Data Acqulaitlon, 
Handllrig, and Analyala 

A. Qeologic Mapping 

Contiguous SIR-B swaths acquired in the mapping mode 
will be geometrically rectified and mosaicked prior to analysis. 
Visual contrasts of image tone, texture, and pattern in the 
mosaics and in the repetitive coverages at different incidence 
angles will form the basis for mapping geologic features and 
groups of features. Previous analyses of SIR-A scenes in the 
equatorial rain forest of Indonesia by the investigators of this 
proposal (Refs. 1 and 2) show that many geomorphic and 
structural features covered by rain-forest canopy are readily 
discriminated on the images. Some examples include humid 
equatorial karst terrain; dip and scarp slopes of layered rocks: 
volcanic cones and flows; crystalline, metamorphic. and 
melange terrain complexes; drainage alignments and offsets; 
and fold and fault patterns. 

Contrasts in perception of the above types of geologic 
features and terrains on SIR-B images will be qualitatively 
related io incidence angle in ireas of multiple-incidence 
coverage and same-side illumination. Wherever possible, the 
SIR-B mapping will be compared to existing geologic maps and 
to ground truth. Mapping will be done on a scale in the order 
of 1:250.000. From this portion of the study, we expect to 
determine the most favorable range of incidence angle for 
geologic mapping from spaceborne SAR in the equatorial 
rain-forest environment. Extensive mapping-mode coverage in 
Sumatra and Kalimantan will be interpreted in a regional 
tectonic framework. 

B. Multipl^-IncickmM Cov#rag« 

Areas of level and apparently uniform canopy will be 
selected to obtain a reference standard for Qq as a function of 
6. The approach will be to digitally correlate, geometrically 
rectify, and coregister each of the corresponding coverages at 
the different angles of incidence. This will produce a standard 
data set for each test site. Each data set should be provided 
with a nominal calibration of the digital number (DN) relative 
to Oq for each incidence angle. This is necessary as a basis for 


making meaningful quantitative comparisons between data 
sets. 

The average value of as a function of 0 for a level, 
uniform, canopy surface will be determined by visual display 
of the SIR-B data and interactive image processing analysis. 
The relations observed from level surfaces will be compared to 
relations from canopy over sloping and dissected areas. 
Surface-slope measurements will be obtained from Held 
checking. Contrasts in backscatter and slope angle will form 
the basis for quantitatively discriminating slope effects. Field 
work will be undertaken at specific locations to verify the 
results and to understand any anomalous conditions. 

A supporting task to compare SIR-B multiple-incidence 
backscatter wiin measurements of a corresponding area 
acquired by the Seasat scatterometer system requires a test site 
with an extensive, relatively level, homogenous canopy. The 
only suitable site in Indonesia is in south-central Kalimantan. 
In the event that this site is insufficiently covered by SIR-B, an 
appropriate alternative site will be selected in Amazonia. 
South America. Scatterometer measurements will be extracted 
from the Seasat data set of the site that is selected and will be 
orocessed to obtain plots of Gq as a function of 0 at Ku-band. 
The plots will be compared to corresponding SIR-B data 
acquired at L-band. 

Usable Landsat MSS coverage in Sumatra and Kalimantan is 
limited in extent. This is due to the perennial cloud cover that 
exists in the equatorial latitudes of those islands. Figure 1 
shows that Landsat images with less than 30% cloud cover dc 
not exist for large areas of the islands. Partial coverage of the 
islands with aerial photography exists at a scale of 1:100,000 
though there are many areas for which no imagery of any kind 
exists. 


IV. Expectsd Resuitt 

We anticipate that this study will yield a significant advance 
in our understanding and interpretation of spaceborne radar 
signatures under varying conditions of radar illumination, 
specifically for geologic mapping in the equatorial rain-foiest 
environment. We will determine the optimal range of radar 
incidence angle for mapping in this environment. We expect to 
obtain new improved geologic understanding of regional 
tectonic and basinal relations in Sumatra and Kalimantan 
within the constraints imposed by the available SIR-B 
coverage. 

We shall quantify backscatter relative to incidence angle to 
obtain a characteristic value or range of values that are unique 
to equatorial rain forests. We expect to discriminate the slope 
effect quantitatively, and to evaluate any anomalous responses 
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field checking and by comparison with remote sensing data 
sets acquired at other wavelengths. Our results will be based on 
SIRB multi pie -incidence angle data. Comparison with other 
data at optical and infrared wavelengths (Lf .idsat MSS. TM. 
and aerial photos), and at different radar wavelengths (air* 
borne X-band SAR. Seaut scatterometer system) will provide 
a limited basis for predicting the radar response that can be 


expected from equatorial rain-forest canopy with the SIR-C 
multiple-frequencyt multiple-polarisation radar. The results of 
this investii^ation will present a major advance in geologic 
mapping of little-known inacc'essible terrains in Indonesia from 
spaceborne SAR. and in knowledge of the interaction of 
23-cm (L-band) microwaves with equatorial rain-forest 
canopy. 


POUH ^ 

RafertnoM 


1. Sabins, F. F., Jf., “Geologic Interpretation of Space Shuttle Radar Images of Indo- 
nesia,” Amer. Asvk. Petroleum Geologists Bull. , Vol. 67, pp. 2076-2099, 1983, 

2. Ford, J. P„ et al.. Space Shuttle Columbia Views the WorUi With Imaging Radar: The 
SIR’A Experiment. JPL Publication 82-95, Jet Propulsion Laborato Pasadena, 
California, January I, 1983, 179 pp. 


INtX)NCSiA DAN SEKITAKNYA (INOONCSIA AND SUMOUNDiNC AREAS) 
LlfUTAN AWAN (CLOUD COVER); > 30% (HACK ARE.xS) 

TAHON (DAKE): »77 - i9#2 

RROSENTASE LUAS LlfUTAN (fERCENTACE Of AREA COVERED); 49J6“. 



Flg.1. K>y to LandMlMSS c ov f geoU n doi w Ia and aurroundlngie— with 30% Oft— ■ c loud 
covor, oequlfod durino 1072 to 1082. Looo fwit 80% ol ttw total araa la eovarad (cowtaay 
P. Aamoro, Chairman, BAKOSURTANAL) 


4-49 












17222 




Remote Seneing of Rice Fields and Sea Pollution by SIR’B 

Team Member: 

N. Fugono 

Radio Raaaarch Laboralonos 
Tokyo. Japan 


Collaborators: 


Y. Funihama, T. Takaaugl, K. Okamoto, M. FuJKs, 
8. Yoehikado, H. Maauko, T. Shlnoiuka, H. Inomata, 
I. Shift}, M. Ichlnooe, and H. Ohyama 

Radk) Research Labofatohes 
Tokyo. Japan 


I. Description of the Investigation 

This investigation plan consists of three experiments: 

(1) Sensor Calibration. 

(2) Rice. 

(3) Sea Pollution. 

The test sites of the three experiments, which were selected 
according to careful investigations and discussion, shown in 
Fig. I. 

The description of each experiment follows. 

II. Sensor-Calibration Experiment 

A. Objactiva 

The experiment has the following three objectives: 

(1) To establish the relationship between backscatter cross 
section and image intensity. 


(2) To evaluate the resolution characteristics of iheSIK B. 

(3) To investigate the side-lobe characteristics of the 
SfR-B. 

B. DMCriptlon 

For objective ( I ), a number of corner reflectors with square 
trihedral design will be used because of the large radar cross 
section. The side dimensions will be 2.0, 1.5, 1. 1, 0.85, 0.60, 
and 0.46 meters, chosen so that the radar cross section de- 
creases in appioximately 5-dB steps. By evaluating an image of 
the corner reflectors with different sizes, it is expected that 
the relationship between backscatter cross section and image 
intensity will be established more clearly. The corner reflectors 
will be placed on the runwr^y of the closed airport in Akita 
(39®42'N, I40®05'E). a wild-flower bed »n Hokkaido 
(45^07'N, I4I^42'E), and reclaimed land in Kagoshima 
(3I®29'N, l30®3rE). At the airport, the old runway is still 
well maintained. In the other test sites, the surface is slightly 
rough and covered with short grasses. Since the backgiound 
condition is different at those test sites, the influence of it on 


the cahbnition chiracteriitki will be obtained, ai well a» the 
effects of multilook angle on calibration characteristics. 

For objective (2h several corner reflectors of the same 
dimension will be arranged in in **L" shape, separated by 
25 meters or its multiple from adjacent refleciors. The images 
will be evaluated on a pixel by pixel basis, to measure the 
resolution by determining whether or not two adjacent targets 
can be distinguished. Dependence of the resolution characteris- 
tics on the background condition and on the Icmk angle will he 
obtained by using the whole set of data taken at three tfki 
sites. 

For objective (3 1, the large-diameter antennae at the Kash- 
ima Space Communication Center (35*57'N, I40®40'E) of the 
Radio Research Laboratories will be used as the imaging tar* 
gets. Since the antennae have very large radar cros» sections, 
the side-lobe structure of the SIR-B may appear clearly on the 
image, as was seen on the Seasat image of the Goldstone large 
antenna. At the Kashima Space Communication Center, there 
are a 26-meter-diameter antenna for 2 and KGH/.; an 18- 
meter-diameter antenna for 136 and 400 MH/, and L- and 
S-band: two 13-meter-diameter antennae for 12/14 GH/ and 
20/30 GHz; and two 10-meter-diameter antennae for 4/6 GH/ 
and 32/35 GHz. Detailed structure of the side lobe will be 
determined by evaluating the image intensity on a pixel-by- 
pixel basis. 

In the calibration experiment, a large dynamic range is 
basically necessary to prevent image satuiation and to assure 
its reliability. However, to assess the influence of the number 
of bits per sample on the final image, 3 bits-per-sample data 
will be taken for one of three orbits with similar look angles. 

III. Rlc« Experiment 

A. ObJactlvM 

The objectives of the rice experiment are as follow: 

(1) To investigate the microwave-scattering characteristics 
of rice Fields through observations by SIR-B. 

(2) To examine the possibility of classifying crops intlud- 
ing rice from the SIR-B data. 

B. TMt Sites 

To obtain data on various crop conditions during the 
one-week experiment, several test sites have been chosen along 
the island of Japan. They are: 

(1) Ohgata-mura 40®00'N, I40®00'E. 

(2) The Ishikah Plains 43*05'N. I41*40'E. 


(3) The Echigo Plains 

37*40'N. 

I38*50’K. 

(4) Suigoarea 

35*«'N. 

I40*30>: 

(5) The Toy ohashi Plains 

34*40'N, 

I37*20’E 

(6) The Tsukushi Plains 

33*I5'N. 

I30*25'E. 


The most important site is Ohgata-mura. a village on the 
largest reclaimed land ^n Japan The flat area is 18 km south to 
north and II km east to west; its agricultural area is about 
8.790 ha including rice fields of 4,760 ha. Special importance 
is placed on the experimental farm operated by the Akita 
Prefectural College of Agriculture in the village. Detailed 
ground-truth data will be acquired in cooperation with the 
college. The total area of the farm is about HJOha. and the 
products are rice, wheat, grass, fruits, corns, soybeans. 
veget:«hles. potatoes, rape, and others. The si/e of a unit 
section of the rice field in the farm is 1 30 m by 90 m. 

C. Acquisition and Analysss of Qround-Truth Date 

The following items of ground-truth data will be acquired 
from each unit section in Ohgata-mura. 

( 1 j Species of rice or other crops. 

(2) Planting density. 

(3) Average height. 

(4) Number of ears. 

(5) Number of grains per ear. 

(6) Crop weight per unit area. 

(7j Expanse of plants seen from the incidence direction. 

(8) Angle between the row and the incidence direction. 

(9) Wind direction and speed. 

( 10) Disease, if any. 

(11) Background soil moisture. 

In addition. Landsat images and aerial photographs will be 
utilized as reference data for the crop classification. As for the 
other test sites, the data of items (I) to (6) are collected by 
the Ministry of Agriculture and Fishery every year. The 
relation between crop conditions and the SIR-B data for them 
will be clarified through various statistical methods. 

IV. Sea-Pollutlon Experiment 

A. Obi«ctivM 

The objectives of the sea-pollution experiment are: 

(I) To determine the characteristics of the radar image of 
oil-like surface films under several sea-suriace condi- 






Hunt luch ts wind ipecd and direction, wave, and 
current, and under the observation condition of inci- 
dence angle; to estimate the possibility of surveillance 
of oil pollutions using the satellite-borne imaging radar. 

(2) To estimate the absolute measurement capability of the 
sea-surface scattering cr<'ja section using the utellitc- 
bome imaging radar. 

(3) To investigate the capability of surveilling various ships 
vessels, and tankers using the utellite-borne imaging 
radar for the purpose of maritime safety. 

B. TMt Ar«M of SMhPollutlon Exporlmont 

The test areas are, firstly, about 100 kilometers off the 
Kii-hanto cape in the Pacific where the mapping mode with a 
30* look angle will be used, and secondly, about 
100 kilometers off Hamamatsu City in the Pacific where the 
multiple-incidence-angle mode will be used. 

C. Plant for FMd Wor*' Btfora, During, and 
Aflar PlIgM 

( I ) Oil pollution experiment. Oil-like polluted areas will be 
artiflcially produced by expanding oleyl alcohol 
(9-octadecan-l-ol, cis isomer) to a thin layer over the 
sea surface by means of the aerial dispensing of frozen 
oleyl-alcohol cubes (freezing point, about 6*C; specific 
gravity, C.8S). These oleyl-alcohol cubes are melted 
under the condition of sea-surface temperature (about 
2S*C in August) and produce a monomolecular oil-like 
film. About 20 liters of oleyl alcohol are required for a 
one-square-kJlometer monomolecular layer. Three 
different sizes of polluted area (0.3, 1, and 3 kilom- 
eters) will be produced to estimate the influences of 
surrounding natural sea-surface conditions on the SAR 
images of different sizes. 


The oil-like polluted areas are simultaneously 
observed using the airborne dual-frequency (10.00 GHz 
and 34.43 GHz) walterometer/radiometer system of 
the Radio Research Laboratories. 

Various sea-truth data are collected during the 
SIR-B flights around the swath paths. The exacted 
items of the sea-truth data are as tollow: 

(a) Sea-surface wind speed and direction; by ships. 

(b) Significant wave height; by buoys. 

(c) Significant wave length and its direction; by buoys. 

(d) Current speed and direction; by ships. 

(e) Atmospheric and water temperatures; by ships. 

(f) Atmospheric pressure and humidity; by ships. 

(g) Aerial photographs; by airplane. 

In addition, the weather maps at and around the 
time will be furnished by the Japan Meteorological 
Agency. 

(2) Calibration experiment on the sea surface. To make 
quantitative measurements possible, the standard 
reflectors such as comer reflectors and Luneberg lenses 
are placed on the sea surface in the SIR-B swath. 

(3) Maritime surveillance experiment. For the purpose of 
the maritime surveillance experiments, as many as 
possible of the various ships, vessels, and tankers in the 
swath at the observation time of SIR-B will be listed 
after the Shuttle flight. Information about the posi- 
tion, speed, course, shape, length, width, height above 
sea surface, and tonnage of each ship, and ihe wind 
direction and speed and wave condition around each 
ship, will be collected by cooperating with the related 
organizations. 
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I. Oescripticn of the Invoirtlgation 

The objectives of this project are to evaluate the utility of 
SIR-B data for the detection and measurement of rainfall 
events, and to develop applications of SIR-B data to the 
imf>rovement of existing rainfall models. This will be accom- 
plished in two project phases discussed below in Section III. 
The objectives are as follow: 

(1) To determine whether optical or digital SIR-B data 
allow consistent detection of rainfall events that are 
known to ha«x occurred at the time and location of 
SIR-B data takes. 

(2) To classify the independent variables of the surface 
environments (e.g., land use. land cover, climate, and 
terrain) where rainfall is detected and to correlate 
signal returns with these variables. 

(3) To conduct a statistical analysis of signal returns where 
rainfall has been detected and to determine the extent 
to which rainfall intensity can be measured and con- 
toured. 

(4) To develop digital methods of SIR-B data enhancement 
for the purpose of rainfall detection, which may be 


used to increase resolution and accuracy of existing 
rainfall models. 

II. Description of ttw ExperlfiMfit 

An important part of our SIR-B investigation is the estima- 
tion of rainfall. EarthSat's CROPCAST*^^ agricultural mod- 
eling capability includes a proprietary rainfall estimation sys- 
tem. The rainfall estimation system will be used to diagnose 
precipUation associated with rain events in the radar image. 
The events selected for study will be determined through the 
use of meteorological information normally received by 
CROPCAST. 

The CROPCAST rainfall estimation technique integrates 
images from polar-orbiting or geostationary meteorological 
satellites with any available surface data to diagnose precipita- 
tion amounts in a grid cell. The cell size is variable, and 
depends primarily on the resolution of the satellite data. 

By applying EarthSat*s rainfall estimation system, rainfall 
events occurring at the same time as SlR-B radar data acquisi- 
tion will be studied. Radar data for each rainfall event site 


4-54 


shall be evaluated to relate rainfall occurrence and intensity to 
radar signal returns under varying terrain (soiL vegetation, 
topographic, and land use) conditions. Digital SIR B data shall 
be computer prcKessed using EarthSat's image priKessing algo- 
rithms to maximize scene information content and enhance 
radar rainfall signal returns. 

III. Approach tor Data Acquialtlon, Handling, 
and Analyala 

A two-phased approach is proposed. Ifi the first phase, 
EarthSat scientists will undertake a visual, qualitative analysis 
of SIR-B data takes that are known to have imaged rainfall 
events to determine quickly whether rainfall signatures can 
reliably be delineated. EarthSat shall also ascertain whether 
there are any conveniional methods of image priKessing that 
can be applied to digital SIR-B data to improve the sensitivity 
of the imagery to rainfall signatures. A variety of terrain, 
climatological, and sensor variables will be examined to evalu- 
ate whether, as expected, SIR-B data will allow discrimination 
of rainfall events preferentially in certain environments. 

Upon completion of Phase I, reports and maps detailing the 
findings of the qualitative analysis of the SIR-B data will be 


produced and directions proposed for quantitative studies in 
Phase II. It is expected tha; positive findings from Phase I will 
allow specific definition of the tasks for Phase II. Phase II will 
consist primarily of specialized digital processing of the SIR-B 
data to enhance the rainfall signatures analyzed in Phase I. 
Digital procedurei to interrelate thermally derived models with 
SIR-B data will lie employed to determine whether the detect- 
ability of rainfall signatures can be increased and used inter- 
actively with thermal models to improve their resolution and 
the accuracy of their findings. 

IV. Expected ResuHe 

It is expected that digital SIR-B data will provide the 
required resolution to allow delineation of rainfall event 
ground signatures, and possibly to identify rainfall event inten- 
sities. Positive results should lead to improvement in the reso- 
lution and accuracty of current rainfall monitoring and mod- 
eling systems, which in turn should enhance current crop-yield 
forecasting methods. In addition, positive results may lead to 
the development of a methodology for assessing rainfall event 
interactions under varying terrain and climatic conditions, and 
thus improve our knowledge of groundwater recharge, surface 
runoff, and evaporation within these areas. 
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I. Objective 

The objectives of this experiment are to develop and test an 
interferometric method of using the SIR-B synthetic-aperture 
radar data for high-resolution elevation measurements. 

Inteferometry can have several advantages over the more 
conventional stereoscopic methods. Foremost is the non- 
necessity of recognizing each surface feature to be measured in 
both images of the stereo pair. The speckle phenomenon, 
inherent in synthetic-aperture radar, makes such recognition 
difficult. With interferometry, however, the surface relief of 
featureless plains or the gentle slopes of alluvial fans can be 
observed easily. 


II. Description of the Experiment 

The essence of synthetic-aperture radar is the capability of 
storing echoes from successive pulses. The signals are ihen 
combined, after the fact, to produce high-resolution images. 
We propose to combine signals from separate SIR-B passes to 
provide the equivalent of an interferometer. 


The accuracy of this technique increases with antenna sep- 
aration (interferometer baseline) up to the limit where the 
signals from the two orbits become uncorrelated. 

The SlR-B mission plan provides an ideal test vehicle for 
this approach to topography. Corresponding orbits on consec- 
utive days will cross rich other with a very shallow angle. This 
permits us to test the interferometry technique, with baseline 
as a parameter, and determine how to obtain the greatest 
accuracy. 

III. Data Acquiamon and Handling 

Families of orbits are planned for SIR-B that reach their 
highest latitude (57^) within 80 km of each other. The cross- 
over points of these orbits provide the opportunity to develop 
and test interferometric topography. We propose to take data 
on three to four passes each, over two of the crossover areas in 
Canada. One area has gentle topography; the other is more 
rugged. 

Each pass need be only a few minutes long. However, it will 
be necessary to increment the SIR-B yaw angle about 1^ for 
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iucce»kive ll it alto necettary that orbit pairt have the 

tame look angle 

The raw radar tignalt (not the imaget) will be analyzed 
becaute: ( 1 ) the imaget are needed in complex form before 
the lookt are combined, which it not the ttandard format, 
and (2) a compentation it required to account for the changing 
antenna teparation during the tynthetic-aperture time. The 
raw tignal tapet will be procetted at JPL on a VAX 11*780 
computer with an attached array procettor. Programt to 
produce the imaget from raw Seatat and SIR-A data already 
exitt and have been uted in production. 

The interferometer tyttem meaturet the location of each 
pixel in terms of p, the tiant range, f, the time along the 
orbital tracks, and the look angle. B. If the orbital parameters 
are known, then the transformation to (x, y, and z) coordi- 


nates it straightforward Because of the unknown multiple of 
2ir in the phase estimates, the elevation of at least one pixel 
in the scene (perhaps a shore line) must be known. 

IV. Expectsd RmuKs 

We propose to provide and test the algorithms for inter- 
ferometric altimetry. The test will be over the range of an- 
tenna separation afforded by the data. 

Images of the best areas will be presented as elevation 
contours over a radar brightness image, corrected for fore- 
shortening 

Using local topographic maps, an assessment of the accu- 
racy of the technique will be made. 


1 ^ 85-17225 


Use of SIR-B Multiincidence-Angle Imagery to Study Iceberg Detectability and 

Offshore Ocean Feature Extraction 

Team Member; 

A. L. Qray 

Canada Centre for Remote Sensing 
Ottawa Canada 

Collaborators: 

J. Princz, C. E. Livingatone, R. K. Hawkins, and M. Wong 

Canada Centre tor Remote Sensing 
Ottawa. Canada 

D. Paaraon 

Petro-Canada Exploration. Inc 
Calgary, Canada 

J. Qowar 

Institute of Ocean Sciertoes 
Sydney. Canada 

T. F. Mullana and R. O. Ram a alar 

Atmospheric Environment Service 
Ottawa. Canada 


I. Description of the inveetigetion 

This SIR B experiment forms part of ongoing cooperative 
work aimed at obtaining a better understanding of SAR per- 
formance in the context of iceberg detectability and recon- 
naissance of Canadian east-coast ice. ocean conditions, and 
hazards. Currently, there is extensive offshore fossil-fuel 
resource exploration in the area, principally on the Grand 
Banks and the Scotian Shelf, but also along the Labrador 
coast. Icebergs pose significant hazards to offshoie structures 
on both the Labrador coast and the Grand Banks. As these 
icebergs can weigh several million tons and are carried by 
winds and currents at speed.^ of a knot or more, either the 


off shore structures have to be exceedingly strong to with- 
stand impact or, as at present, iceberg towing and quick dis- 
connect techniques must exist for safe operations. 

Figure 1 shows a 460 X 10^ kg iceberg (0.4 X 10^ tons) 
approximately 1 0 km from the drill ship Pacnorse 1 , on loca- 
tion off the northern Labrador coast. This photograph of the 
100-m-long iceberg was taken from a drilling support vessel 
that was towing the iceberg to a location that would not 
threaten the drill ship. Clearly, the threat from such ice 
hazards is compounded under severe weather conditions so 
that all-weather detection and monitoring systems are essen- 
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till. In addition, because many of the wells are being drilled 
in relatively shallow water and pipelines along the sea bed are 
being considered for production systems, the possibility of 
bottom structure damage due to iceberg scouring makes ice- 
berg management an important part of offshore development 
strategy. 

Marine radars are used now on drill rigs and supply vessels 
as the primary, close-range iceberg detection system, often 
supported by visual aircraft reconnaissance over a much larger 
area. All-weather aircraft and satellite radar detection and 
tracking is attractive for larger area coverage, but the limits of 
applicability, particularly using satellite radars, can only be 
estimated. Performance of iceberg drift models is still recog- 
nized to be poor, largely because of insufficient and under- 
sampled ocean current and wind data. There are definite 
implications for improved safety and efficiency of offshore 
activities in these areas if airborne or spaceborne radar tech- 
niques for monitoring icebergs and ocean conditions (wind 
speed, waves, current information) could be demonstrated. 

The specific objectives of this SIR-B investigation are: 

(1) To study the L-band satellite SAR detectability of ice- 
berg targets as a function of incidence angle and 
observed conditions. By using meteorological data and 
any available backscatter models, attempt to estimate 
detectability under different conditions. 

(2) To compare L-, X- and. hopefully, C-band aircraft 
imagery, and to use this data as a basis for an approxi- 
mate simulation of satellite imagery and to compare 
the SIR-B images with such simulated L-band images 
derived from the aircraft data. 

(3) To see if it is possible to carry out a comparison of 
any available surface, or near-surface, currents in the 
area with estimates of the range component of surface 
current derived from the SlR-B data(10S experiment). 

II. Description of tfie Experiment 

The experiment involves the collection of airborne radar 
images, scatterometer data, photography, and. possibly, laser 
profiling data together with the acquisition of surface photo- 
graphic. meteorological, and ocean data Provisionally, the 
SIR-B site has been selected to be in the region of the Corte 
Real well (56^05'N, 58^12'W), but Petro-Canada cannot 
commit to this now, as decisions on 1984 drilling will not be 
made for some time. Summer iceberg fluxes in a 10- X 10-km 
area at this site are in the range 7 to 10 icebergs per day but 
may drop to an average of about 5 per day in August. Nor- 
mally, the supply boat could be deployed up to about SO km 
from their drill-rig. but this depends on conditions and iceberg 


positions at that time. The supply boats are equipped to make 
meteorological, ocean, and iceberg measurements, and will 
ptovide the rimary source of in-situ data, supported by infor- 
mation froni any drill ships in the area and relevant aircraft 
data. 

Radar contrast measurements (iceberg-water and iceberg-sea 
ice), made in 1978 and 1979 and subsequent modeling work, 
show that the radar incidence angle is a very important param- 
eter that can dictate detectability when the iceberg is sur- 
rounded by water (Refs. 1 and 2). SIR-A and Seasat imagery 
also shows clearly, but in a qualitative way, that targets in the 
ocean are much more readily visible at larger incidence angles. 
Because modeling is especially difficult for '*many-pixel** 
urgets. we have developed software that degrades aircraft 
high-resolution SAR data to produce simulated spaceborne 
SAR images 

Our basic objective for the SIR-B iceberg experiment is to 
investigate the target detectability as a function of radar inci- 
dence angle and environmental conditions. The key elements 
in the overall program are the use of existing and future X-, 
L- and C-band aircraft SAR data for modeling, satellite image 
simulation, and SIR-B underflights; the use of the airborne Ku- 
and C-band scatterometers to help with ocean measurements 
and modeling, and the acquisition, by the oil companies, of a 
range of relevant target, ocean, and meteorological param- 
eters. It is also anticipated that the Atmospheric Environment 
Service (AES) will contribute to the experiment by flying ice- 
berg reconnaissance flights (with SLAR) both before and dur- 
ing the SIR-B period 

III. Approach for Data Acquialtlon, Handling, 
and Analyaia 

Surface data acquisition will be the prime responsibility of 
Petro-Canada and will be carried out to the extent possible 
considering that the work boats are on station primarily for 
operational support of the drill ships. Data collected will 
include wind, wave, and iceberg measurements, as well as spe- 
cial efforts to measure currents in a region covered by at least 
one of the SIR-B swaths Further iceberg and ocean informa- 
tion will be derived from aircraft data; this will include air- 
borne photography. C- and Ku-band scatterometer data for 
wind speed modeling and. possibly, laser profiling. It is hoped 
and anticipated that an APS-94 D SLAR-equipped AES air- 
craft will do a prior iceberg survey mission along the Labrador 
coast, concentrating on the potential SIR-B swaths so that the 
best areas for detailed in-situ measurements can be chosen. 
The Convair-580 aircraft, belonging to the Canada Centre for 
Remote Sensing and containing the CCRS-ERIM X/L/C SAR. 
will be based in Frobisher Bay for part of the SlR-B period 
and will acquire scatterometer. radar, photographic, and pos- 


tibly liter profile dati. The detailed schedule for participation 
of this aircraft will be worked out when the SIR B orbit and 
incidence-angle sequence is flnalUed, and will involve contribu- 
tions to two other experiments during, and close to, the SIR-B 
period. 

Initial analysis of survey optical SIR-B imagery will be 
carried out to help define scenes for digital processing and sub- 
sequent quantitative analysis. Some raw data will be requested 
for processing in Canada, and it is anticipated that this data 
would be used for special analysis, e g., aoppler centroid analy- 
sis. Quantitative analysis of digitally processed image data will 
allow evaluation of detection methods, extraction of contrast 
ratios, and comparison of clutter levels with C- and Ku-band 
backKatter measurements. The latter will help in evaluating 
relative ocean backscatter sensitivity to wind speed at the 
different wavelengths and, therefore, will help in modeling 
frequency sensitivity of iceberg detectability. All data, both 
aircraft and SIR-B, will be correlated with the in-situ meteor- 
ological and oceanographic data to the extent possible. It is 
hoped that some comparison of surface currents with data 


derived from SIR-B can be carried out by J. Cower of the 
Institute of Ocean Sciences. 


IV. Exp«ct«d RmuKs 

(1) The SIR-B experiment will add significantly to our 
overall program to evaluate the potential of aircraft 
and satellite radars for iceberg and ice hazard detection. 

(2) Using the aircraft scatterometers. the in-situ wind data, 
and the SIR-B digitally processed data, it would be 
pottibli; to evaluate relative backscatter sensitivity to 
wind speed at the three frequencies. 

(3) The feasibility of using Doppler centroid estimation 
of the SIR-B data to estimate the surface-current range 
component will be evaluated by comparison with cur- 
rent measurements. (The possibility of even one com- 
ponent of the surface-current field would be very use- 
ful to the offshore exploration industry in terms of 
improving iceberg drift models.) 
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I. Introduction 

The purpose of our study is to utilize the unique charac- 
teristics of the SIR-B mission to develop a better understand- 
ing of the application of radar in geologic studies, in deltaic 
environments, we examine delta morphology and the inter- 
tidal zone, the surface expression of shallow bathymetry, the 
characterization of vegetation cover, and the water balance of 
the delta. In impact crater environments, we seek to establish 
the radar characteristics of exposed impact craters and apply 
this knowledge to test for the detectability of very poorly 
exposed impact craters. 


II. DcKfllc Environments 

The analysis of synthetic-aperture radar (SAR) images has 
been shown to be of value in the interpretation of structural 
and surficial geological features (Ref. 1). Preliminary studies 
of SIR-A data (Ref. 2) have shown that such data are also 
useful for the geomorphological analysis of coastal environ- 
ments, particularly deltaic regions. We seek to extend such 
studies by exploiting the multiple-look-angle capability of the 
SIR-B experiment coupled with digital multispectral images 
from the Landsat Thematic Mapper and a thermal infrared 
mapping spectrometer experiment These data will be used to 
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(I) map ihe water-land interface of deltas over an entire tidal 
cycle; (2) investigate the potential that surface wave forms can 
provide information on shallow-water bottom topography 
(Ref. 3), and (3) characterize the diverse range of salt- and 
fresh water vegetation types that arc located on the stable 
portion of deltas. 

The Mississippi Birdsfoot Delta is the primary test site, 
because this is the classic example of a constructional 
(sediment-dominated) delta. The Birdsfoot ^\%o has numerous 
logistical advantages in comparison to deltas elsewhere in the 
world, in that pertinent information on the river sediment 
load and flow rate, the tidal regime, and the local bathymetry 
are all frequently monitored by the U.S. Army Corps of 
Engineers. Additional deltas from around the world are also 
SIR-B targets, both because they represent delta types in 
contrast to that of the Mississippi (i.e., their coastlines are 
wave or wind dominated: Ref. 4) and because they provide 
alternative targets should it be impossible for the Shuttle to 
image the primary site. 

h. Morphology and tho IfitortkM Zono 

Detailed knowledge of the sedimentation rates at different 
parts of the Mississippi Delta are of critical importance for 
assessing navigation hazards, changing direction of river flow, 
and the stability of subaerial sand bars (Refs. 5 and 6). Major 
problems in the monitoring of this sediment movement lie 
with the need to rapidly measure both the charging distribu- 
tion of exposed deposits and the distribution of slopes in the 
intertidal zone: working conditions in these areas are difficult 
because of very shallow water and soft sediments (Ref. 4). 
With our preliminary analysis of the SIR-A data of the Miss- 
issippi (Ref. 2), it was strikingly clear that at depression angles 
of about SO^, the boundary between the water and the 
exposed sediments was very clearly depicted. Quantification 
of the exposed land area is thus possible in this area, due to 
the strong contrast in radar returns from these two tarp^ts. 

The SIR-A experiment provided a single image of the 
middelta: we will extend this study by using multiple SIR-B 
images acquired at varying times in the tidal cycle. An aspect 
of this repeat coverage will be that changes in the delta 
between the years 1981 and 1984 (SIR-A vs SIR-B data) 
could be investigated. More importaraly, however, multiple 
SIR-B images will enable tfie area of land (and thus the local 
intertidal slopes. Fig. 3 of Ref. S) to be measured at different 
times in the tidal cycle. The Gulf of Mexico has a tidal range 
of 1 to l.S m at this location, so that the shallow sediment 
slopes will permit large areas of the delta to be exposed at 
low tide. A quantification of this increase in land area as the 
tide retreats will therefore permit low energy (shallow slopes - 


large area variation) and hifh energy (steeper slopes - small 
area variation) evivir^^.^nents to be distinguished. Acquired as 
a snapshot in time, these data on the delta will be of use in 
the more general characterization of the area should repeat 
coverage be obtained from subsequent Shuttle missions; the 
dynamic response of the delta to periods of river flooding 
(accentuated by greater sediment deposition due to greater 
up-river erosion) can be precisely monitored (Ref. 5). 

B. SurfBM ExpcMSion of Shallow B a thymatry 

A discovery from the Seasat mission was the ability of 
high-depression-angle radars (67^) to recognize wave forms in 
shallow water that appear to indicate local submarine topog- 
raphy (Ref. 3 Plates 31 and 32). Similar observations from 
Seasat show that the shallow waters (1 to 2 m) at the mouth 
of the Birdsfoot Delta indicate some aspect of the submarine 
slopes. We will use SIR-B data obtained at steep depression 
angles (6S to 75^) to further investigate the shallow sediment 
deposits around the Birdsfoot. In particular, a range of radar 
depression angles that will allow selection of the most useful 
viewing geometry for studying this phenomenon is requested. 
The relevance of this kind of analysis lies with the fact that 
submarine deposition is the initial stage of deltaic growth 
(Ref. 7). and changes in this submarine topography are pri- 
mary indicators of the evolving sedimentation history of the 
delta (which in turn is critical for continued navigation of the 
channels). Such an investigation of submarine topography is 
also of value for comparison with the analyses to be carried 
out in experiment A .ibove. 

C. Chanictofization of Vagatatlon Covar 

Comparison of SlR-A and U-2 high-altitude near-infrared 
images of the Mississippi Delta (Ref. 2) revealed that many 
of the similar radar returns were generated by different types 
of vegetation cover. Not only do different types of marsh 
exist (fresh to saline water marshes), but also the degree to 
which cypress swamp is flooded varies from free-standing 
water to relatively dry areas (Ref. 8). Distinguishing between 
these vegetation types proved to be very difficult from the 
single SIR-A image; however, it is evident that multiple- 
depression-angle SlR-B data, used in conjunction with a 
Thematic Mapper image, would greatly improve this charac- 
terization capability. Multiple-depression-angle radar data 
(acquired on the same orbits as the data for experiments A 
and b above, i.e.. 45 to 70^) would permit the scattering 
properties of the vegetation types to be distinguished by using 
techniques similar to these employed in Refs. 9 and 10. It is 
believed that this approach would be particularly helpful for 
interpreting the effects of free-standini water beneath trees 
(Ref. 11). 


We plan to conduct a ba&ic experiment into the utility of 
using both SIR-B radar images and thermal infrared data 
(collected by NASA with one of their thermal IR mapping 
spectrometers). It is bflieved that the thermal signature of 
still-standing water will be different (warmer) than the fre- 
quently recharged bodies of water (colder). Once the distribu- 
tion of inland standing water is measured by the SIR-B radar 
(at the same time as the data for experiment A is taken), the 
thermal properties of each water body will be investigated 
with the computer facilities at our respective institutions. 

In summary, it is believed that the proposed experiments 
will be very beneficial in the rapid monitoring of coastal 
processes in depositional environments. The distribution of 
wetlands, an assessment of intertidal slopes, shallow submarine 
deposition, and vegetation characterization can all be achieved 
for the Mississippi and. depending on data coverage, the other 
targeted deltas. In view of the rapidly changing morphology 
of the Mississippi (variations occur on a timescale of months 
to a few years; Ref. S), these data will form a base-line data 
set for subsequent investigations of temporal change in this 
economically critical area of the Gulf Coast. 


III. Impact Cratart 

The number of recognized ttirestrial impact structures 
with diameters larger than a kilometer stands at approximately 
100 (Ref. 12). As a result of the dynamic nature of the ter- 
restrial geologic environment, much of the characteristic 
crater topography has been removed at many structures and 
recognition has been from the presence of a circular geologic 
or structural anomaly, detected initially on high-level aerial 
photographs or, more recently, synoptic images obtained by 
■* -rdsa ' ’ M'csses of erosion that hamper recognition 
* the substructure to various levels and 
•iction of the petrologic and structural 
I .he structures. This provides a data set 

ii' otary to studies of planetary craters, where 

init iphoSgies are well-preserved but the subsurface 
structural onships are inaccessible (Ref. 13). 

Although terrestrial crater studies have provided consider- 
able insight into impact cratering as a geologic process on the 
planets, the place of impact cratering in the geologic evolution 
of the Earth has received little attention. Some recent studies, 
however, have centered on possible links between the devel- 
opment of the primary oceanic and continental crustal di- 
chotomy in early Earth hLtory and very large, basin-sized 
(^10^ to 10^ km) impact structures (Refs. 14, IS, and 16). 
In addition, the discovery of relative enrichments in meteoritic 
signature elements at Cretaceous-Tertiary boundary sites 


throughout the world have pointed to a major impact event 
65 Myr ago, which had global effects. The coincidental mass 
extinction of approximately half the faunal genera living at 
the time has led to considerable discussion of a cause-effect 
relationship between major impact events and the biological 
and climatological evolution of the Earth (Ref. 17). In terms 
of Earth resources, various large impact structures are known 
to be related to concentrations of minerals, hydrocarbons, 
and, in some cases, increased hydroelectric potential. These 
concentrations are due to a number of crater-related features, 
including the creation of a topographic depression, postcrater 
sedimentation in a restricted environment, primary localiza- 
tion of economic materials within the crater structure, and 
secondary mineral enrichments due to increased fracturing 
associated with the crater. 

For the reasons of long-term geologic stability and vigorous 
crater-search programs, the majority of known terrestrial 
craters are located on the North American and European 
cratons. The potential coverage of SlR-B extends to approxi- 
mately 60^N and includes most of these structures. For 
structures on the North American craton, those occurring 
on the Canadian Shield represent a sample with relatively 
constant target characteristics and for which the geology 
and geophysics are relatively well-known. Accordingly, a 
selected number of these structures will constitute the primary 
targets for study. Two principal experiments will be under- 
taken. 

A. Establish Rsdsr Chsrsctsristics of Expossd 
Impact Cratars 

We will use SIR-B data to establish the radar character- 
istics of a selected number of large terrestrial crater' and 
thereby augment our knowledge of terrestrial craters. As a 
first step, the SAR data obtained by SIR-B will be com- 
pared with Landsat and geological data to establish correla- 
tions between radar characteristics and ground-truth informa- 
tion. The structures selected for study are: Manicouagan 
(D ^ 100 km), the twin Clearwater Lake structures (D ^ 32 
km and 22 km), Mistastin (D ^ 28 km), Charlevoix (D ^ 54 
km), and Sudbury (D ^ 140 km). 

Target rock fracturing is a well recognized feature at 
eroded impact structures. Fracturing is a reflection of the 
structural disturbance of 100 to 1000 km^ of the target in a 
large impact event. Its significance, howevei, is not well under- 
stood. Although some field studies of fracturing around large 
impact craters have been attempted (Ref. 18), they have had 
limited success because of the large areal extents involved. 
Landsat images of Manicouagan and Clearwater Lake have 
revealed a halo of increased fracturing in the basement rock. 


which extends out beyond estimates of the original rim 
diameter (Refs. 19 and 20). In the case of Manicouagan. 
changes in fracture pattern with radial distance have been used 
to estimate original crater dimensions (Ref. 13). The SIR-B 
data will help refine these estimates and provide new infor- 
mation on the nature, distribution, and origin of the structure 
associated with impact craters. Mistastin has only a subtle 
fracture halo on Landsat images. The series Mistastin. Clear- 
water Lake, and Manicouagan represents increasing erosional 
level. The SIR-B data may help determine whether the indis- 
tinct halo at Mistastin is real or apparent and clarify the rela- 
tionships of fracturing to crater size and depth of erosion. 
SIR-B data on these structures will be used initially in compar- 
ison with Landsat data to characterize the nature and extent 
of the fracture halo. Charlevoix was chosen for study as the 
region with the most seismically active area in eastern North 
America, with numerous earthquakes in a tight zone 30 by 
90 km and parallel to the St. Lawrence River. The activity is 
probably related to failure in the Grenville basement along 
normal faults that predate the impact event (Ref. 21). Al- 
though not directly related to the impact event, the seismic 
activity appears spatially related to the crater and thus may be 
due to an increase in crustal weakness produced by the impact 
event. Considerable geophysical data are available for Char- 
levoix and the SlR-B data will provide a valuable supplement 
in determining the relationship of crater structure and seismic 
activity. An analysis of Sudbury presents an opportunity to 
refine structural relations of this geologically complex area 
and to define relationships between crater structure and ore 
concentrations. Nickel-sulphide ore deposits at Sudbury are 
concentrated in radial offsets of the Sudbur> Irruptive. and 
Morrison (Ref. 22) has suggested that ore emplacement is 
controlled by crater structure. SIR-B images of the heavily 
eroded and relatively flat Sudbury area may provide previously 
unobtainable information on crater structure and lithologies. 
Quantitative techniques of unit definition and characterization 
outlined above will be applied to these several areas to estab- 
lish the radar characteristics of exposed impact craters and to 
test the ability of S1R-B*s unique illumination geometries to 
reveal structural information beyond that commonly revealed 
by solar illumination. 


B. TMt Dttoctablllty of Vory Poorly ExpoMd Impact 
Cratora Uaing Radar 

It it unlikely that radar will detect impact craters that are 
completely buried. There are. however, a number of struc- 
tures tliat are partially buried or extremely heavily eroded and 
have little known surface expression. To determine the utility 
of radar in defining structural elements of craters of these 
types, the Carswell and Lake St. Martin structures have been 
selected as potential test sites. Lake St. Martin (D ^ 23 km) is 
partially buried beneath postcrater red beds and ev?porites 
of Jurassic age. The evaporite deposits are exploited commer- 
cially. The geology of the area is poorly exposed, as there is a 
covering of glacial clays. As a result, the structural elements 
and size of the structure are not well defined and are known 
only from a shallow drilling program. SIR-B data on Lake St. 
Martin will be analyzed to determine whether it provides 
additional structural information on partially buried craters. In 
the case of Carswell, the structure has been eroded to the 
extent that it has no topographic expression. As with Sudbury, 
it has considerable economic interest. Uranium mineralization, 
related to a basement regolith. is exposed in a few places by 
the structural uplift of the central portion of the crater 
(Ref 23). The Carswell structure is virtually undetectable on 
Landsat images, although a circular pattern is visible on geo- 
logic maps as the discontinuous distribution of various litho- 
logical units. The area is relatively featureless and the geologic 
outcrop relatively poor. Radar images of the structure may 
help define better the radial dimensions of the structure and 
details of the uplifted central area, which is of economic 
interest. 

In summary, it is believed that the experiments will be very 
useful in providing basic supplemental information in the char- 
acterization of terrestrial impact craters, particularly in refer- 
ence to their structure, where the unique capabilities of 
SIR-B will be utilized. In addition, criteria for the identifica- 
tion of exposed and buried impact craters will be developed. 
These results could have significant economic potential and 
will provide a basis for input into the design of future radar 
experiments and instruments. 
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I. Summary 

The quantitative use of synthetic-aperture radar (SAR) 
image data requires that the imagery be well calibrated. To 
obtain accurately calibrated imagery, it is necessary to account 
for a sizable list of variables; among them are the antenna 
pattern, spacecraft attitude, transmitter power, receiver gain, 
system linearity, and SAR correlator effects. Only some of 
these corrections are currently being implemented on the 
JPL SlR-B operational SAR processor, and, in particular, 
the digital imagery produced by that processor will not be 
labeled in units of sigma zero. 

Our investigation will seek both to calibrate the SIR-B 
imagery and then to verify that calibration by conducting 
appropriate *'ground-truth** measurements, utilizing in part 
the NASA CV-990 L-band SAR and the University of Kansas 
Mobile Radar Scatterometer. 


II. Objectives 

There are four t>.jjor objectives in this experiment: 

(1) To measure the repeatability (stability) of the SIR-B 
system, 


(2) To relatively calibrate the SIR-B system, 

(3) To absolutely calibrate the SIR-B system. 

(4) To verify the accuracy of the calibration by comparing 
the results to measurements made by a ground spec- 
trometer and an airborne SAR. 

There are few authors with publications in the formally 
reviewed literature claiming to have calibrated a SAR abso- 
lutely. Recently, papers have begun to emerge presenting the 
results of calibration experiments that have actually been 
conducted (Refs. 1 through 4); results indicate that signifi- 
cantly more work must be done in the field. For instance. 
Held (Ref. 4) has recently reported on the calibration of the 
SEASAT SAR, which resulted in a repeatability accuracy of 
between 0.3S and 0.8 dB (Ref. 4) and an absolute accuracy 
of 2-3 dB (Ref. S). 

We propose to use the signal from the calibrator module 
being built foi SIR-B (designed under the direction of D. Held) 
along with orbit attitude and various sensor performance 
parameters to calibrate portions of the SIR-B image data set. 
Target areas will be independently meuured by a calibrated 
Mobile Radar Scatterometer, supplied by T. Ulaby, and by the 
NASA CV-990 SAR, which D. Held is attempting to calibrate 
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in an effort to verify the Oq ettiinatei produced by the cali- 
brated SIR>B imagery. 

III. Approach 

Any time-invariant linear lyitem can be calibrated. How- 
ever, the typical SAR it neithei time-invariant nor linear. 
When measuring the small-signal gain of a system, one makes 
the Implicit assumption that the system is linear and that all 
signals are treated the same and independently by the system. 
Thus, the principle of superpotition is assumed to be valid. 

Unfortunately, many (if not most) SAR systems violate 
this basic assumption, optically recorded SAR systems being 
the classic case in point, since the transfer function of the 
film is highly nonlinear. SAR systems employing digital data 
recording are more amenable to accurate calibration. However, 
it is all too easy but incorrect to assume that the digital 
recording and processing of SAR data will cure all the non- 
linearity and dynamic range difficulties encountered when 
optically recording SAR data. 

To preclude nonlinearities Induced by an analog-to-digital 
converter (A/D), it is necesury to employ a sufficient number 
of bits in the digital representation of the analog signal, and 
to verify that the radar signal is neither overflowing nor under- 
flowing the dynamic range of the A/D. Further, even if the 
entire digital recording and processing system can be showti 
to be linear, it it still possible to have nonlinearities in the 
radio frequency (RF) tensor electronics. Therefore, for SIR-B, 
the RF and A/D systems have been carefully designed such 
that the A/D subsystem uturatet before the RF subsystem, 
and the saturation can be easily detected by monitoring a 
histogram of the digital data. 

Thus the SlR-B calibration procedure involves: 

(1) Data screening, to monitor A/D overflow or under- 
flow. 

(2) Normalization with reipect to the onboard calibrator. 

(3) Correlation of the raw daU into images. 

(4) Correction for thermal noise. 

(5) Final corrections for slant range, transmitter power, 
incidence angle, antenna pattern, and Shuttle attitude. 


Many of the steps listed above will not be performed by 
the operational S1R>B proceuor, which will provide only a 
limited calibration capability on an operational basis. 

The tasks involved in this research are: 

(1) Calibrating the CV-990 SAR (not currently funded 
by SIR-B). 

(2) Building calibrated ground receivers at JPL. 

(3) Mission and logistical planning, 

(4) Development of preprocessing, postprocessing, and 
correlation software for SIR-B and the CV 990 SAR, 

(5) Flying the CV 9*A) SAR over the test area., 

(6) Deploying ground receivers in the test area, 

(7) Deploying the radar spectrometer in the test area, 

(8) Data reduction from the three radars and the ground 
receivers, 

(9) Overall assessment of calibration experiment results. 


IV. Expected RMuItt 

It U anticipated that the results from the three radars 
employed in this experiment will be in agreement to within 
3 dB. This will represent a major milestone in the field of 
active microwave remote sensing. If SIR-B and the CV 990 
can be shown to be stable over time, it will be possible to 
cross-calibrate each with the ground spectrometer, substan- 
tially improving the absolute calibration of the airborne and 
spaceborne sensors. 

It is anticipated that this experiment will prove that two 
genetically different active microwave sensors are capable of 
making comparable estimates of common targets, a result 
that has generaUy been difficult to obtain in the past. 

It is anticipated that as a result of this experiment, it may 
be possible to calibrate all SIR-B data taken in the calibration 
mode to a relative accuracy of 1.0 dB, and an absolute accur- 
acy of between 1 .S and 2.0 dB. 
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I. Introduction 

Experience with the repetitive, synoptic view of Earth pro- 
vided by satellite-borne sensors such as Landsat MSS and TM. 
and NOAA AVHRR have clearly indicated the value of such 
systems in obtaining much of the information needed on vege- 
tation types, areas, and conditions. Some studies have found 
that results in classifying land use or cover type are improved 
if both optical and radar data are used, rather than utilizing 
the data from only one portion of the spectrum (Refs. I 
and 2). To date, these research results tend to indicate that 
neither data set is a replacement for the other; however, the 
combined data sets can be an improved means to better 
characterize the scene with remote sensing. 

The research described here will focus on two aspects of the 
data to be obtained as part of the SIR-B program: 

(1) Digitally registered TM and SlR-B data, which will 
allow assessment of the potentials and limitations of 
each type of data, as well as the synergistic effects of 
combining these types of data 


(2) Multiple-look angles of SIR-B data, which will enable 
quantitative assessments to be made of the effect of 
different look angles on the radar return from varied 
forest-cover type, height and density characteristics, 
planting direction and crown spacing, topographic and 
soil variations, and other variables specific to the test 
sites. 


Recent work by Laboratory for Applications of Remote 
Sensing (LARS) researchers with X-band. dual-polarized SAR 
data obtained over a test site in South Carolina has clearly 
shown some of the potentials and limitations for differentiat- 
ing various agricultural and forest-cover types. In this study, 
deciduous forest could be separated easily and reliably from 
coniferous forest on the HH polarized data, but not on the HV 
polarized data (both qualitative and quantitative methods of 
data analysis were used). Of great interest (and concern) was 
the fact that coniferous-forest- and pasture-cover types could 
not be separated on either polarization, even though they are 
so very different in morphology (Refs. 3 and 4). Similar results 
have also been found with L-band systems in some cases, such 


the confuiion between fure»t cinupie^ and corn reported by 
BatliViile and UUby (Ref. 5) and Parik(Ref. 6). 

N. ObItetivM 

The overall objective of thi» research U to define the 
strengths and limitations of microwave (SIR B) and optical 
(TM j data, singly and in combination, for the purpose of iden- 
tifying and characterizing forest-cover types and condition 
classes 

Specific objectives include the following: 

( 1 ) To determine the relative advantages and limitations of 
SIR-B SAR data and Thematic Mapper/MSS data, in 
combination and separately, in quantitatively identify- 
ing and measuring the areal extent of forests in north- 
ern Florida. 

(2) To define the effectiveness of a contexiual classifica- 
tion algorithm (SECHO), as compared to standard 
"per point** classifiers (Gaussian Maximum Likelihood 
and Minimum Distance), in classifying the Landsat TM 
and SAR data in a manner that will utilize the spatial 
characteristics of such data for purposes of cover-type 
discrimination. 

(3) To evaluate the relative utility of different look angles 
of SAR data in determining differences in stand den- 
sity of commercial stands of coniferous and hardwood 
forests. 

(4) To determine the effectiveness of the L-band HH polar- 
ized SIR-B data as compared to X-band dual polarized 
SAR obtained from aircraft, in differentiating various 
forest-stand densities. 

III. Test Site Charactorittict and Rafaranca 
Data 

The test site is located in northeastern Florida just west of 
Jacksonville, and consists of a large number of well-defined, 
operationally managed forest stands. These stands contain a 
wide variety of species, age. basal area, tree height, stand 
volume, tree spacing, site index, stand history, and soil type. 
Aerial photography of the study site also exists. Since the 
area is within the managed forest-land holdings of the St. Regis 
Paper Company, detailed records of the stand characteristics as 
well as past management practices have been maintained, and 
will be made available in support of the proposed research. 

Ground observation/measurement data to be obtained at 
the time of the SIR-B data collection will include information 
on stand conditions, species, and species mixtures of forest 


stands outside of the St. Regis holdings, understory vegetation 
at the lime of SAR data collection, and. for 10 stands, the 
foliage moisture content. 

Ancillary data to be assembled in support of the investiga- 
tion include soil-type maps and topographic maps, and defini- 
tion of ground control points for registration of Landsat and 
SIR B data 


IV. Data Analysis 

To address the primary objective of evaluating the synergis- 
tic effects of combined optical and microwave data, Landsat 
TM and the multiple-look angles (3, above) of SIR-B will need 
to be digitally registered. The Landsat TM data will be ob- 
tained as nearly as possible to the date that the SIR-B is 
obtained. 

Once the necessary data sets are registered, we will locate 
coordinates of stands that have been previously selected using 
the existing aerial photography, and for which ground obser- 
vation data will have been obtained. Initially, a supervised 
analysis approach and a maximum likelihood classification 
algorithm will be utilized. The classification results will be 
evaluated using a statistically defined random sample of test 
areas. 

The classification will then be repeated using ths ;XMO 
(Supervised Extraction and Classification of Hom '^ ' tf 

Objects) classifier to determine the e^.ctiveness of the iise of 
spatial context as compared to pei -point classification: . Both 
the SECHO and the Gaitssi Maximum Likelihood (GML) 
results will then be compared to results obtained irom the 
Minimum Distance per-point classifier. 

Next, a series of analyses will be conducted in which vari- 
ous ''optimum** subsets of 3, 4, or more channels (either 
SIR-B or TM channels or transforms of SIR-B and TM chan- 
nels) will be defined, based on transformed divergence values. 
The defined combinations of channels will be used, in con- 
junction with the "best** of the three classification algorithms 
evaluated, to classify the data. These results will enable an 
evaluation to be made of the information content or value 
of the various wavelength bands of TM data and the differ- 
ent incidence angles of the SIR-B data. The results of all 
these classifications will be based on test field-classification 
performances. 

Another portion of this study will address the question of 
the accuracy and reliability of area estimates of forest and 
adjacent nonforest-cover types as a function of SlR-B inci- 
dence angles. This work will also provide an evaluation o^ 


the accurK'V of the leimtetric recUncaiiun procedure applied 
to the SIR-B data. 


V. Anticipatod Ratullt 

It it anticipated that this data let will provide an excellent 
opportunity to study the synergistic effects obtained by using 
combined L>band SAR and TM data for identifying and 
characterizing forest-stand characteristics. The effeciiveneu 
of quantitative computer clauification using SAR data also 
will be compared with visual analysis and interpretation of 
the data. The uk of both the per-poini and contextual clas- 
sification algorithms will provide definitive results concern- 
ing the value of utilizing both the spectral and the spatial 
information content in the data when classifying forest cover. 

In addition to the above results, the channel-evaluation 
analysis will indicate the relative values of the different look 


angles and the individual TM wavelength bands The area- 
evaluation study will also provide data concerning the fidelity 
of the geometric rectification of the SAR data and the effec- 
tiveness of area estimates based solely on single look-angle 
SAR data - a result that could be important in attempting to 
use SAR data for monitoring tropical deforestation on a 
worldwide basis. 


Since extensive and detailed data on the vegetative-canopy 
characteristics (e.g.. height, spacing, and stand volume) are al- 
ready in existence for this test site, the results of this SIR-B 
incidence-angle study are expected to provide very valuable 
information regarding the forest-canopy parameters that may 
or may not be of particular significance in determining the 
strength of the radar return signal. Such information is critical 
in determining the effrctiveneu of SAR systems for obtaining 
much needed data on standing vegetation biomass. 
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Purdue University, West Lafayette, Indiana, pp. 78-87. 
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Processing of Remotely Sensed Data, Purdue University, West Lafayette. Indiana, 
pp. 313-320. 
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I. Introduction 

These investigations cover speciHc projects that will evalu- 
ate most of the applications for which radar imagery has 
significant potential, particularly when the radar data are 
analyzed in combination with ancillary information such as 
digital elevation data. Landsat MSS and TM. and airborne 
multispectral scanner data. Imagery from SIR-A acquisitions 
over Australia has been evaluated by several of the investi- 
gators. The major sections of the investigation are to: 

(1) Develop techniques for registration of multiple acquisi- 
tion. varied Illumination, and incidence-angle SIR-B 
imagery, and a model for estimation of the relative 
contributions to the backscattered radiation of topog- 
raphy, surface roughness, and dielectric and conduc- 
tivity components. 

(2) Evaluate the application of SIR-B imagery for delinea- 
tion of agricultural lands affected by secondary salinity 


in the southwest and southeast agricultural regions of 
Australia. 

(3) Develop techniques for application of SIR-B imagery 
for geologic, geomorphologic and soils mapping and 
mineral exploration in a variety of terrain types in Aus- 
tralia. and investigate the backscatter properties of a 
range of vegetation-soil-rock outcrop targets. 

(4) Evaluate the use of SIR-B imagery in determining 
ocean currents, current shear patterns, internal waves 
and bottom features for specific locations off the Aus- 
tralian coast. 

For each of these major objectives there are several projects 
distributed over a large portion of the Australian continent, 
varying from tropical througli arid and semiarid regions to 
temperate regions. Vegetation densities vary from a com- 
pletely barren, unvegetated area in central Australia to almost 
closed-canopy forests in southeastern Australia. The individual 
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investigations will be conducted in five separate remote sensing 
laboratories, each of which is equipped with image analysis 
equipment. All investigators involved have extensive experi- 
ence in analyses of Landsat MSS and KBV, NOAA-AVHRR. 
NIMBUS CZeS. and SIR-A imagery. 

II. Geology and Oeomorphology 

The broad objectives of the geologic/geomorphologic pro- 
jects in this investigation are to determine the ability to dis- 
criminate and map physiographic features and materials with 
SIR-B data, and to determine the effects of surface roughness, 
moisture, conductive lag. and vegetation patterns on the radar 
backs jatter. 

The specific projects are: 

(1) The study of SIR-B responses over Lake Eyre, which is 
a very large (9000 km^). nonvegetated. essentially flat 
dry playa lake with subtle microtopographic features 
less than 25 cm in height. The SIR-B data will be 
analyzed, discretely and in combination with Landsat 
data to determine: 

(a) The degree of detectability and identification of 
salts and clays, and to map their distribution. 

(b) The different incidence angles for the detection of 
subtle topographic features. 

The SIR-B data will be compared with surface micro- 
relief roughness estimates and moisture characteristics 
from ground information. 

(2) The determination of the contribution orbital radar 
imagery may have in assisting differentiation of various 
irons and clay minerals, and in reliably assessing their 
regional distribution. The SIR-B data will be merged 
with Landsat data for the study of terrain that has 
been chemically altered by deep weathering, and 
covered with extensive areas of ferruginous lag material 
and varying clay concentrations at the surface. This 
research has important implications for geochemical 
exploration and the mineral industry in general. 

(3) The use of SIR-B imagery to verify and identify the 
precise location and nature of a lineament extending 
across the Australian continent. This lineament has 
recently been observed on shaded relief images derived 
ftom a digital terrain model of continent.-il Australia. 

(4) The evaluation of the capability of SIR-B imagery for 
delineation of paleoriver systems in th^ Canning and 
Officer Basins of Western Australia. A paleoriver sys- 
tem crossing the Great Sandy Desert in northwestern 
Australia was observed on NOAA-AVHRR imagery in 


1982 (Ref. 1). The SIR-B data will be correlated with 
digital elevation data and with NOAA-AVHRR data to 
refine the mapping of this and other paleodrainage 
networks. 

(5) The investigation of the ability to discriminate with 
multiincidence SIR-B data the microrelief and terrain 
texture associated with erosion of deeply weathered 
profiles in extremely flat terrain in the Archaean of 
Western Austral a. From the analysis, the optimum 
SIR-B geometry for this discrimination will be deter- 
mined. The SIR-B data will be supported by data from 
visible and infrared reflectance measurements, and 
aircraft scanner data. 

(6) The investigation of the ability to discriminate with 
multiincidence-angle SlR-B data vegetation and hydro- « 
logic characteristics that have been demonstrated, from 
Landsat data, to correlate with the distribution and 
grade of very large area bauxite resources at Weipa in 
northern Queensland. It is proposed to test the estab- 
lished relationship further by studying the backscatter 
characteristics of the eucalyptus forest cove*' at various 
incidence angles to detect changes in forest canopy 
structure, height, density, and type that appear to be 
associated with the bauxite type and grade. The 
diurnal variation in the leaf alignment will need to be 
considered, as the eucalyptus leaves align th^Mselves 
during the day to minimize leaf area exposed to the 
Sun. 

(7) The evaluation of t!:e capability of the mapping- 
mode SIR-B imagery to delineate and map the 
duricrust-covered Proterozoic Hamersley Surface in the 
Hamersley Basin. Western Australia. An understanding 
of the distribution and weathering of this surface, 
which has been subjected to considerable Tertiary 
erosion, is important for delineation of pisolitic iron 
deposits. The surface is characterized by its smooth, 
rounded surface, a prope.ty that should cause it to be 
highlighted on SIR-B imagery. 

III. Hydrology and Soils 

(1) Multiple-incidence- and illumination-angle SIR-B data 
will be analyzed to determine its capability for discrim- 
ination and mapping of agricultural lands affected by 
salinity. Salt affected soils in southwest and southeast 
Australia are often due to rising groundwater tables 
resulting either from clearing of native forests or from 
irrigation. In August, the saline areas are generally 
characterized by higli soil moisture, high electrical con- 
ductivity. and either no vegetation or sparse, salt- 
tolerant vegetation. Multiincidence angle and look- 


direction data acquired over the experimental sites will 
be merged with multispectral data from Landsat and 
from a I5>channel airborne multispectral scanner mlng 
a digital elevation model to correct for parallar tsuoi. 
These data will be correlated with spectral moisture 
and conductivity data collected at the sites. 

(2) The suitability of SIR-B data for mapping stream net- 
works in highly productive Australian hardwood-forest 
catchments will be investigated; also, estimates will be 
made of the aerodynamic roughness, an important 
parameter in calculating forest evapotranspiration. and 
the distribution of standing vegetation in the catch- 
ments. 


IV. Oceanography 

The broad objectives of the oceanographic investigations 
are to evaluate the capability of SIR-B imagery to delineate 
ocean cu rents, current shear patterns, internal waves, small- 
scale advection patterns, and bottom topography. The investi- 
gation is comprised of five separate projects. The principal 
location for the oceanographic research is in the Tasman Sea/ 
Bass Strait region, with other projects located on the Great 
Bcrrier Reef, the Southeast Indian Ocean, and the Gulf of 
Saint Vincent. The projects in the Tasman Sea/Bass Strait area 
will be supported by an intensive oceanographic program 
involving vessels of the Royal Australian Navy (RAN) and 
CSIRO, airborne XBT data, current meters and directional 
swell arrays, and instruments on oil platforms in Bass Strait. 
Cloud cover permitting. NOAA-AVHRR data will be recorded 
for all projects. The specific oceanographic projects are: 

(1) East Australian Current: The SlR-B imagery will be 
processed and evaluated to determine the capability to 
define the East Australian Current, upwelling associ- 


ated with the front, and current shear patterns. Cur- 
rents on the continental shelf will also be studied. 

(2) Bass Strait area: Bragg wave spatial data will be deter- 
mined from time-lapse photography from an oil rig and 
will be correlated with radar backscatter. The SIR-B 
data will be studied to determine the SIR-B*s ability to 
delineate the eastern Bass Strait front and internal 
waves in Bass Strait. Using an array of current meters, 
the SIR-B data will be assessed to determine its use in 
estimating current flow in Western Bass Strait. This 
project will be part of a joint CSIRO/RAN Bass Strait 
Oceanography Study. 

(3) Western Tasmania: SIR-B imagery will be studied to 
determine river outflow, stream patterns, and evidence 
of bottom bathymetric variations in the estuary and 
near-estuary areas of the Pieman River; this study will 
provide baseline data prior to the development of the 
Pieman River Dam. 

(4) Northern Spencers Gulf, South Australia: SIR-B 
imagery will be evaluated, in comparison with vessel 
and current meter data, to determine its use in moni- 
toring currents in a semienclosed gulf. 

(5) Leeuwin Current: The patterns on SIR-B imagery will 
be studied for an area with an established, southward- 
flowing current, the Leeuwin Current, which interacts 
with prevailing southwesterly winds, to determine the 
effects of frictional energy loss on the wave and swell 
patterns. 

(6) Great Barrier Reef: The SIR-A imagery wiii be evalu- 
ated for its capacity in determining refraction around 
reefs and detecting the existence of large internal 
waves. One objective is to determine the interreef 
nutrient pathways. 




1. Honey, F. R. and Tapley, I. J., '^Evaluation of Shuttle SlR-A Imagery for Geological 
and Geomorphologic Mapping in N.W. Western Australia,*' presented at the Inter- 
national Symposium on Remote Sensing of Environment, Second Thematic Confer- 
ence, Remote Sensing for Exploration Geology, Fort Worth Texas. December 6 
through 10, 1982. 
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I. Introduction 

Malaria and other vector-borne diseases presently affect the 
lives of over 500 million people worldwide. Hundreds of mil- 
lions of dollars are spent on the control of these diseases 
annually. Vector control programs in the tropics are hindered 
by a deficiency of information concerning the existence and 
location of vector breeding habitats due to cloud cover, dense 
vegetation, and a lack of skilled manpower. The hypothesis 
presented by this proposal is that spacebome radar image data 
can provide crucial information concerning land use, land 
cover, surface hydrology, and topography upon which present 
day vector control programs are based. 

II. Objectives 

Proof of the hypothesis will be supported by three major 
research objectives defined as tasks. These tasks involve an 
analysis of radar illumination geometry vs information con- 


tent, the synergy of radar and multispectral data mergers, and 
automated information extraction techniques. The tasks are 
defined as follow: 

(1) Identify illumination angles yielding the maximum de- 
lineation of vegetated and nonvegetated surface fea- 
tures of natural and anthropomorphic origin. 

(2) Test and analyze textural and hybrid spatial-spectral 
classifiers on SAR and merged SAR/multispectral 
image data for improved information extraction. 

(3) Determine the utility of SAR and hybrid SAR/ 
multispectral products as input to an automated re- 
source decision making process. 

A. Site Selection end Preperetion 

The survey site will be located along a Shuttle orbit path in 
the country of Bangaladesh. The test site will consist of a 
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10 km X 10 km section at a to-be-determined point within 
the transect. 

Site preparation will consist of a cooperative effort between 
NASA and the host government. An approximate 10 km X 
10 km area will be selected along the transects defined above 
or along ...les that most closely correspond to the SIR-B 
estimated flight paths. The survey site will contain examples of 
all the desired target objectives for intensive ground truthing. 
A field team comprised of botanists, soil scientists, hydrolo- 
gists, and epidemiologists under the direction of a remote- 
sensing specialist will define in detail the types of units that 
should be delineated. The test area will be surveyed and 
mapped into terrain units most compatible with the remote 
sensor and the application objectives. 

A control grid for all the data will be established by the 
construction of a series of reflector towers or transponders 
spaced throughout the survey area. The locations of these 
towers will be measured and mapped in relation to the ground- 
truth information to form a grid for the geometric registration 
and comparison of radar responses to ground truth. 

For vegatation penetration analysis, a transponder setup 
will be established at a surveyed location along the center line 
of the projected flight path. Three transponders will be posi- 
tioned at measured depths in the tree canopies. Tree canopy 
crown closure measurements will be made as well as leaf-area 
indices and species and type determinations for the trans- 
ponder setup area. 

B. Task 1 

1. Part A. Identify the illumination angles that yield the 
maximum delineation of surface features of natural and an- 
thropomorphic origin. 

The larger incidence angle will be used to provide maximum 
resolution for the mapping of soil, land use, and vegetation 
types, while the lower incidence angles will be examined for 
vegetation penetration. The data for each incidence angle will 
be compared with the survey set of defined terrain units. 

The data for all incidence angles will be processed to full 
spatial resolution. The data sets will be geometrically regis- 
tered to a control base defined by the reflector towers and 
other surrounding land marks and subsequently registered to 
the digitized ground-truth information, thus facilitating com- 
parison on a pixel-by-class level. 

2. Part B. As an addition to this task, the investigators will 
use active radar calibrators in an attempt to obtain direct 
measurement of Oq at several measured depths in the vegeta- 


tion canopy for the various incidence angles. The precision 
targeting of the SIR-B flight path is critical for this task. 


C. Task 2 

Test and analyze textural and hybrid spatial-spectral classi- 
fiers on spaceburne SAR and merged SAR/multispectral image 
data for improved information extraction. This task is com- 
prised of two parts: ( 1) an evaluation of texture analysis as a 
means of improving radar data utility, and (2) an analysis of 
the synergistic effect of merged SAR/MSS data sets on infor- 
mation content and extraction. The analysis of part 2 is 
contingent upon the availability of MSS-type data over the test 
area near the time of the SAR acquisition. 

1. Texture Analyiit. The textural classification algorithms 
that will be applied to the radar data are: 

(1) Angular Second Moment: a measure of homogeneity. 

(2) Contrast Features: measure of numbers of boundaries 
in an image. 

Correlation Feature: measure of linear grey-tone depen- 
dencies (Ref. 1 ). 

These algorithms will be run at four different angles, 0°,45®, 
90", and 135". 

2. Radar-MSS Merger Analysis. The texture-analyzed radar 
data set with the highest classification accuracy will be merged 
as an additional band with multispectral data. A supervised 
classification wiH be performed on the merged data and an 
accuracy assessment taken. The resulting products will then be 
compared to their singular counterparts for information con- 
tent analysis. 

D. Tasks 

Determine the utility of SAR and hybrid SAR/ 
multispectral data products as input to an automated resource 
decision making process. This task is designed to utilize the 
properties of a geographic information system (CIS) to create 
2nd- and 3rd-derivative information products. This task will 
accomplish two objectives: (l)test utility of radar data pro- 
ducts m an automated decision making process, and (2) test 
geographic information systems as a means of further informa- 
tion extraction. 

Input to the GIS will consist of the following data defined 
as layers in the system: 

(1) Radar and hybrid SAR/multispectral classification pro- 
ducts (from Tasks 1 and 2). 

(2) Ground survey information. 
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The following spatial analysis and modeling experiments 
will be performed on the merged data sets to create new 
information products for analysis: ( 1 ) information conver- 
gence or overlay functions: 2nd-derivative products. The CIS 
compares and cross examines the class designations defined on 
each data layer to create a new map identifying important user 
specified occurrences of target objectives. The 2nd-derivative 
» products can then be used as : eparate products or as new data 
layers in the CIS; (2) research and applications modeling: 
3rd-derivative products will be generated using models specifi- 
cally designed for ecological research and applications. 

III. Anticipated Raaulta 

The significant results expected as an outcome of this 
experiment can be divided into three categories: information 
content, information extraction, and applications. They are 
defined as follows: 

(1) Information Content: (a) an improved understanding 
of the effects of a vegetation canopy and surface geo- 


metry and composition on radar backscatter as a func- 
tion of radar illumination geometry; (b) a better under- 
standing of overall scene information content as a 
function of illumination geometry; (c) a better under- 
standing of the relationships between radars of various 
illumination geometries and multispectral image data 
for information content. 

(2) Information Extraction: (a) a better understanding of 
the value of using merged multi-illumination geometry 
radar data sets for information extraction; (b)a better 
understanding of digital texture analysis as method of 
information extraction for radar imagery; (c)a better 
understanding of the effectiveness of a CIS system for 
improving infomiation extraction of radar imagery. 

(3) Applications: (a) successful use of radar imagery for 
land-cover/land-use mapping in a tropical ecosystem; 
(b) better understanding of radar as a means of vegeta- 
tion penetration for resource assessment; (c) the explo- 
ration of the potential use of radar imagery as an aid to 
malaria and other disease vector control programs. 


Reterence 


I, Haralick. R.M., et al., 1973. Preliminary Report on Land Use Classification Using 
Texture information in ERTS-A MSS imagery, Kansas University Center for Research. 
Jan. 1973. 
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I. Description of the Investigation 

The objectives of the proposed research are: 

(1) To evaluate the ability of SIR-B to delineate varying 
sizes, shapes, and relief of surface forms within the 
glaciated, cultivated, road-gridded areas of Wisconsinan 
glaciation in northeastern Dlinois, northern Indiana, 
and western Ohio (Fig. 1). 

(2) To compare and contrast SIR-B imagery with selected 
Seasat SAR imagery. 

(3) To utilize SIR-B imagery synergistically with available 
Seasat SAR, Landsat RBV, and false-color imagery; 
Soil Conservation Service county-wide photomosaics; 
high -altitude infrared imagery; and conventional aerial 
photography to identify and map suites of glacial 
landforms. 


(4) Eventually to interpret the suites in terms of ice 
dynamics and conditions of deglaciation, to relate 
them to the stratigraphic record, and to evaluate inter- 
actions of the major lobes and sublobes; to attempt to 
determine the degree of synchroneity of major ice 
events; and to evaluate the interaction of major ice 
events and meltwater drainage positions, drainage 
changes, and the location of major sand and gravel 
deposits. Many of these objectives are long-term goals 
that become possible if the detailed morphologic 
delineations can be carried out on a synoptic scale. 

This experiment is pait of a continuing evaluation of SIR as 
a tool in geomorphic mapping. It is an extreme test in that the 
landscape consists of relatively subtle landforms and low 
relief, and the area is characterized by agricultural crop and 
road patterns. 
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II. DMcrIptlon of th« E)rp«rliiMfit 

Developing concepts of the complexity of glacier dynamics 
and the resulting, varied depositional styles require that 
regional comparisons be made of the depositional patterns of 
the Wisconsinan-aged glacial lobes of the lower Midwest. 
The future understanding of stratigraphic sequences of map* 
pable till units and auociated deposits, including those of eco- 
nomic and environmental importance, requires some measure 
of restructuring of the hypotheses by which these units are 
interpreted. 

Synoptic views of this area now available from Landsat, in 
part tied back to conventional and high-altitude air photog- 
raphy, indicate the likelihood that diverse modes of (low and 
deposition cha^icterize the area, particularly in Indiana 
(Refs. 1 and 2). The lobate **normal** glacial mode of Illinois 
and Western Ohio Hi u ue in Indiana, which was the 

site of repeated slab-like flow, perhaps as ice streams as mod- 
eled and hypothesized by Mayewski, Denton, and Hughes 
(Ref. 3). This realization opens the possibility that portions 
of the Wisconsinan glaciation of northeastern Illinois or west- 
ern Ohio might also be different, and indeed aspects of some 
till mapping in Illinois suggests that locally this might be the 
case. 

A stratigraphic-morphological approach, such as that which 
has been successful in the northern Great Plains (Refs. 4 
and S), is planned for obtaining the data needed to better 
understand and interpret the conditions of past glaciations. 
Suites of morphologically distinct landforms must be delin- 
eated and mapped, investigated in the field for stratigraphic 
and sedimentologic data, and interpreted in terms of dynamics 
of glaciation and conditions of deglaciation. The ability to 
delineate and map morphologic suites of different origins will 
provide a powerful basic tool in understanding the process 
response of the Laurentide glacier near its southern margin, 
as v.dl as the local stratigraphy. 

Thus. SIR-B will be evaluated as a basic tool in the recogni- 
tion and mapping of subtle small-scale to relatively large-scale 
glacial landforms. Landform relief varies from less than 3 m to 
over 30 m, and the features vary in size from minor moraines 
about 30 m wide with a spacing of 1(K) m or so to large 
troughs 1(X) m wide and over 10 km long. Known examples of 
critical landform types indicated by existing, more conven- 


tional sources will be compared to radar imagery to discern the 
type and magnitude of such features that are detectable by 
SIR-B. 


III. Data AcquIaHlon, Handling, and Analysis 

Digitally processed images of SlR-B data will be obtained 
for selected study sites within the area. Data analysis will be 
an extrapolation of conventional methods that have been 
traditionally employed in aerial image analysis to space- 
acquired image data. Digital tape data will be utilized in an 
attempt to enhance pattern contrast and to delineate subtle 
landscape patterns in critical areu. The type, scale, and orien- 
tation of glacial and meltwater features will be determined on 
the SIR-B images. 

To maximize the synergistic approach, further available 
materials including selected Seaut SAR imagery, Landsat 
(RBV, false color, and TM), and high-altitude infrared and 
conventional photography will be obtained. For the latter 
three types of materials, late-spring photography will be 
selected where possible so that most agricultural fields will not 
have been planted and soil tones and patterns will be visible. 

From available data, landscape suites will be mapped to the 
extent pouible. Field studies will be undertaken to determine 
the internal characteristics of critical landforms and to inter- 
pret their origin with respect to the conditions of glaciation 
and deglaciation. From these, further regional interpretations 
and interlobate comparisons will be made. 

IV. Expectsd RmuHs 

The results of the proposed research are dependent on the 
ability of the SIR-B imagery to assist in the delineation of 
small- to large-scale glacial landforms in an area of relatively 
low relief, and of its ability to extend such delineations in a 
mapping mode over a broad region along the southern margin 
of the Laurentide Ice Sheet. If these objectives can be met, the 
opportunity exists for a number of fundamental problems and 
questions to be addressed in conjunction with ongoing strati- 
graphic and sedintentologic studies of the deposits. Among 
these are the fundamental questions raised in the lut objec- 
tive, as well as numerous local geomorphic and stratigraphic 
problems. 
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I. Ob|ectlvet 

The objectives of the SIR-B scattering study and calibration 
investigation of volcanic terrain are to delineate textural and 
structural features, to evaluate the L-band scattering charac- 
teristics, and to assess SIR-B calibration. 

SIR-B is the first orbital imaging radar system to provide 
multiple images of the same target at different look angles. 
This unique capability offers the opportunity to obtain 
multiple-angle radar data from a space platform and will pro- 
vide a chance to assess look-angle and illumination-direction 
relationships of volcanic terrains. In addition, scatlj.ing 


theory and radar-image simulation can be used with such 
SlR-B data for assessing the surface scattering characteristics 
of volcanic terrain. This offers an opportunity to aid lithologic 
identification of volcanic terrains and to develop planetary 
geomorphic analogs, and also to independently assess the 
calibration of the SIR-B. 

Volcanic terrains generally differ from other landforms 
because the landscape and geomorphic features are usually 
constructional (built up). The erosion of volcanic terrain and 
the subsequent landforms produced are controlled to a large 
extent by the volcanic rock involved. The correlation between 


rock type and landform ii to great that it l» impoaiible to 
interpret volcanic physiography without some knowledge of 
the rocks themselves. Thus the best approach to interpreting 
volcanic history is to combine detailed field work with 
laboratory studies. Such an approach is presently not possible 
except for Earth, and a few localities on the Moon from which 
samples have been returned. Thus the ideal sequence of 
planetary exploration begins with unmanned remote sensing 
reconnaissance missions, followed later by more comprehen- 
sive surveys. 

Recent studies using radar for lithologic mapping involve 
the use of radar to obtain information concerning the surface 
roughness and/or dielectric properties of rock surfaces. Varia- 
tion in radar backscatter related to these parameters can be 
used to detect areal variations in physical structure, mineral- 
ogy, and bulk chemistry of exposed volcanic rock. Radar 
studies of Iceland's volcanic terrain, for example, have pro- 
vided a correlation between variations in surface roughness and 
some previously mapped geologic units. Volcanic terrains orer 
ideal potential test sites for evaluating radar roughness param- 
eters as a lithologic discriminant and also a means for develop- 
ing planetary geomorphic/lithologic analogs. The use of 
multiple-look-angle imagery from SIR-B provides an ideal data 
set for evaluating microwave techniques for lithologic map- 
ping. Multiple SIR-B imagery of selected volcanic test aues 
can, in principle, be used to determine the L-band scattering 
characteristics of volcanic terrains. 


II. Description of ttw Expshmsnt 

We propose to exploit the multiple-look-angle capability of 
the SIR-B together with our radar simulation facility to match 
theory, SIR-B data, and simulation imagery of volcanic ter- 
rains. The approach proposed will use scattering theory and 
simulation for scene matching of SIR-B data from volcanic test 
sites. This will require detailed knowledge of the roughness 
and dielectric characteristics of our test sites together with a 
capability for using these in creating simulated images. 

The styles of volcanism and eruptive histories displayed on 
planetary surfaces can be determined to some degree through 
the interpretation of volcanic landlorms. The SIR-B mission 
will provide unique data for comparative planetology. The 
similarity of Earth to Venus in size, composition, and proxi- 
mity to the Sun implies that any differences between the 
Earth and Venus will be due to small but significant factors. 
These factors can be compared with models for geologic pro- 
cesses occurring on the Earth. The scientific results from 
SIR-B will be related directly not only to intepretation of 
volcanic landforms, but also to understanding and developing 
roughness measurements and scattering theory that have, at 


L-band wavelengths, scientific merit for certain volcanic ter 
rains on Earth and possibly Venus. Three test sites that hav« 
contrasting styles of volcanism displayed in the rocks am 
landforms have been selected for our study. These include 
Kilauea Volcano, Hawaii; Cuillin Hills, Skye, United Kingdom 
and the volcanic region in the northwest United States (includ 
ing Mount Shasta, Medicine Lake Caldera, Newberry Volcano, 
and Harvey Lake, Oregon). 

These three sites have been selected for very specific rea- 
sons. The primary test site proposed is the Kilauea Volcano 
area of the big island of Hawaii. The pristine, unvegetated 
condition of many diverse volcanic terrains at this site make it 
an ideal location for the analysis of young basaltic volcanic 
landforms with space imaging radar. 

The second test site, the Cuillin Hills of Skye off the west 
coast of Scotland, is a major Tertiary igneous complex with an 
extensive dyke swarm radiating from this part of the island for 
distances in excess of 100 km. In addition, because Skye is 
located at about 57^N, the island will be near the northward 
extent of the Shuttle orbital track, permitting the radar to 
illuminate the test area in a north-south configuration (as 
opposed to the usual east-west solar illumination). 

The third test site consists of two volcanic areas in the 
northwest United States (Mt. Shasta-Medicine Lake Caldera 
and the High Lava Plains of Oregon). These two locations offer 
strikingly different examples of volcano-tectonic features that 
are thought to be the products of changing tectonic stress 
fields associated with the Cascade Range and the Basin and 
Range Provinces. As a transitional region for tectonic pro- 
cesses. this area is of great interest to field geologists. 

Three main categories of experiments have been identified, 
each with several specific tasks: 

(1) Delineation of textural and structural features. 

(a) Prepare geomorphological maps. 

(b) Investigate multilook radar. 

(c) Evaluate multisensor data combinations. 

(2) Determine L-band scattering characteristics. 

(a) Model surface scattering. 

(b) Create simulation imagery. 

(c) Match scattering models, simulation imagery, 
and SIR-B imagery. 
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(3) Aiiess calibration. 

(a) Evaluate stability by scene matching. 

(b) Estimate errors. 

Each of these tasks will be performed to empirically test 
existing theory and previou) experimental work. The results 
should be an increased understanding of the electromagnetic 
surface scattering from volcanic terrain, an assessment of look 
angle and look orientation of volcanic landforms. and an 
assessment of the calibr.ition of the SIR*B sensor. These results 
should be an important aid in lithologic identification of 
volcanic terrains, and should also be useful for developing 
Earth-based geomorphic analogs for extraterrestrial reconnais- 
sance missions. 


111. Expected RmuHs 

A summary of expected results include: 

( 1 ) Obtaining a catalog of multiangle and multilook direc- 
tion imagery of volcanic terrains. The catalog should 
contain imagery of volcanic terrains representative of 
various textural and electrical conditions. 

(2) Developing surface scattering relationships for litho- 
logic identification. The relationships should be char- 
acteristic of various textural and electrical conditions. 


(J) Evaluating multisensor data combinations for litho- 
logic identification. 

(4) Determining long-term stability of the SIR-B. 

(5) Cataloging landforms as potential planetary analogs. 

(6) Determining the L-band scattering characteristics by 
means of roughness measurements and scattering 
theory for certain volcanic terrains, not by empirical 
measurements (i.e., truck- or aircraf; mounted 
scatterometers) 

(7| Using simulation to create scenes that match the 
SIR-B data by varying parameters in the scattering 
theory until matches occur. 

(8) Attempting to separate scattering parameter effects 
from absolute calibration errors. 

(9) Evaluating SIR-B data over volcanic test sites for 
feature vector parameters such as tone and texture: 
this will aid lithologic identification of these types of 
terrains both on Earth and extraterrestrial bodies. 

(10) Identifying theoretical (or heuristic) scattering models 
that are capable of predicting the SIK-B response over 
volcanic terrains. 

(11) Assessing the SlR-B calibration for specific points, 
and estimating the deviation from the true state of 
nature at these points for the passes from which the 
data were collected. 
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I. Objective 

Synthetic-aperture radar images obtained from Seasat and 
SIR-A showed that a number of oceanographic features were 
imaged in considerable detail, for example, internal waves, 
large ocean waves, bathymetric features, eddies, and slicks. 
However, the imaging mechanisms are not generally well under- 
stood, and for both Seasat and SIR-A there were relatively few 
supporting sea-surface measurements to assist in the study of 
these imaging mechanisms. 

The objective with SIR-B is to conduct three separate 
experiments that will all be aimed at providing a better under- 
standing of the use of spacebome SAR for imaging ( 1 ) internal 


waves. (2) ocean surface waves, and (3) shallow- water bathym- 
etry. Examples of these features are shown in Figs. 1 and 2. 
Tliese experiments have been chosen because they lead to pos- 
sible applications for microwave remote sensing of the ocean 
surface and will also allow a better understanding to be devel- 
oped of the microwave/sea-surface imaging mechanism. 

II. Description of the Experiments 

The internal wave and ocean surface wave experiments will 
both be located in the northeastern Atlantic in a deep-water 
region likely to contain both phenomena. The shallow-water 
experiment will be located along the east coast of the United 
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kingdom in a region that contains nuinerou% dioaU and !»and* 
ranks (Fig 3). 

InvMtIgatlon of Intomal Wavo Imaging 

This investigation will study the relationship between sur> 
ace expressions of oceanic internal waves and the underlying 
nternal wavefield in deep water Seasat-SAK imagery revealed 
hat internal wave features are common (Kef 11 throughout 
ihe northeast Atlantic, including the general area chosen for 
this study (Fig. 3) Here it is intended to have shipbi>rne mea- 
surements of the internal wavefield in the upper layers of the 
deep ocean for comparison with the imagery. 

A research sliip will deploy equipment to continuously 
monitor the upper-ocean internal wavefield. the characteris- 
tics of which are derived from lluctuations of temperature and 
density . This has be^m proven in previous shipborne experi- 
ments. In addition, records of local surface conditions will be 
kept. The ship will be marked by a radar rcllector 

Two methods of analysis are proposed. Digital imagery of 
the experiment area containing internal wave surface features 
will be compared with shipborne measurements taken at a 
time similar to that of the imaging pass. The relationship 
between the internal wavefield and its surface expression will 
be derived The second technique will require the imagery of 
the northeast Atlantic in survey processed form. From this, 
an atlas of internal wave features will be compiled, including 
observations from ships of opportunity 

Optical and infrared satellite imagery will be souglu to look 
for internal wave features (Kef 2) and to monitor mesoscale 
ocean dynamics in the experiment area. 

This study is aimed to yield knowledge on the imaging of 
internal waves in deep water by spaceborne SAK. Such sys- 
tems have a large potential for aiding studies of upper-ocean 
dynamics Its major advantage is offeritig a scale of coverage 
unattainable with shipborne measurement systems 

B. Ocean-Wave Imaging Experiment 

In this experiment the aim is to measure the ocean wave- 
height spectrum at the time of imaging and to compare this 
with the SAK image spectra. The measurements will be made 
at a region located at the intersection of north- and south-going 
SAK swaths, thus allowing the sea surface to be imaged in 
different directions within a few hours. 

The waveheiglit spectrum will be measured by means of a 
**Marex" data buoy towed from one swath intersection to 
another in the period between pairs of north- and south- 
going passes. The buoy will be instrumented to measure the 


two-dimensional waveheight spectrum, and the data will 
be received and recorded by equipment on a neighbouring 
research sliip This vessel will also carry out local meteorologi- 
cal observations. 

In addition, it is intended that a number of wave-rider 
buoys will be deployed, each containing instrumentation to 
measure the one-dimensional waveheight spectrum. These 
buoys will also carry radar transponders that will enable the 
position of the buoy in the itnage to be identified to within 
one pixel. Knowing the position of the buoy to this accuracy 
should enable the phase between the imaged waves and in-situ 
ocean-wave field to be estimated The value of this parameter 
is of importance in SAK ocean-wave imaging theory 

The SAK ovcati wavo images will be processed to yield 
SAK image spectra, the relation between these spectra and 
those of the ocean surface will be studied with the objective 
of (al understanding the imaging mechanism and (b) deter- 
mining the transfer function relating the two spectra and its 
iiinctional dependence. 

C. Shallow-Wator Bathymetry Experiment 

Seasat images of shallow-water and coastal regions fre- 
quently contain features that can be associated with the 
change in topography of the sea bed (Kef. 3). The action of 
tidal currents (lowing over these topographical variations will 
cause disturbance at the sea surface; this disturbance will 
interact with the wind field to produce a change in the local 
surface radar backseat ter characteristics. These changes are 
hence related to sea-bottom topography althougli their appear- 
ance is clearly dependent on the prevailing tide and wind con- 
ditions at the time of imaging. 

The aim in this experiment is to obtain a set of SAK images 
of a shallow-water region at different tide states. This regiv r. 
will he located on the east coast of the United Kingdom and 
w ill contain numerous sandbanks and shoals. Part of this area 
will be selected for detailed hydrographic surveys (using side- 
scan sonar and depth transducers) to provide an accurate mea- 
surement of bottom topography immediately before imaging. 

In addition, a research ship will be deployed at the time of 
imaging to carry out a number of measurements, including sea 
state and temperature, current speed and direction (as a func- 
tion of depth), and meteorological observations. It is also 
intended that data for this area will be obtained from existing 
meteorological and Earth resources satellites and also from 
aerial photography surveys. 

The above data will be used to establish the empirical rela- 
tion between the radar image and bottom topography for 


different tide s^tate:^ and environmental conditions^. The data 
will also be used to support continuing theoretical studies of 
radar imaging of the sea surface. 

III. Data Procaaaing 

It is intended that the SIR B data for these experiments will 
be processed on the RAE experimental SAR processor. The 


processing algorithms used in this processor are both wel 
defined and variable; hence the effect of these algorithms cat 
be studied as part of the overall imaging process. 

To check processor performance and also evaluate the over 
all SIR-B image quality, it is intended that a number of cornei 
reflectors and radar transponders will be set up at suitable 
locations in the United Kingdom. 
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I. Experiment Objectives 

The objective of the SlR-B mapping experiment is to 
evaluate the utility of SAR images taken singularly, in pairs, 
and in combination vi/ith other data sets for cartographic, 
topographic, and thematic mapping, and to determine the 
optimum configuration of a SAR system for future mapping 
missions. 

SlR-B is the first orbital imaging radar mission to incor- 
porate a serious attempt at maintaining geometric image 
fidelity along with careful calibration and documentation of 
internal timing and frequency parameters. This, along with 


its ability to obtain, for the first time, the multiple incidence 
angle images of the same target necessary f stereoscopy and 
topographic mapping, make it the ideal opportunity for car- 
tographic experimentation. Mapping should therefore com- 
prise a significant part of the overall experiment objectives. 

II. Experiment Plan 

A. Planinwtric Mapping 

The most fundamental element of mapping from remotely 
sensed data is the ability to locate an image resolution cell or 


pixel with respect to a chosen map coordinate system. There 
are basically two ways to do this. 

1. Uniupervited maps. The first requires detailed knowl- 
edge of the sensor and data processing (image correlation) 
parameters so that a map may be produced without any a 
priori knowledge of the target area. This method is required 
in mapping previously unexplored or poorly mapped terrain 
(such as many regions of South America and all of Venus) 
and is preferred in any case since it is automatic, i.e., it requires 
no manual feature identification or image manipulation. We 
will attempt to produce such unsupervised maps for a number 
of target areas that are well surveyed and mapped (see section 
on target selection and preinission planning), and analyze 
quantitatively the planimetric accuracy we are able to attain. 
The process will be repeated for as many incidence angles as 
possible, although some of our target areas will not be acces- 
sible at the full range of angles. 

2. Control points. The second method for producing 
pLiuinetric maps involves the use of image control points, 
imaged features for which the Earth-centered coordinates are 
known with high accuracy. For radar imaging, these are best 
established with well-surveyed corner reflectors located in 
regions of low radar backscatter. Several such sites will be or 
already have been established (see below) and the accuracy of 
maps produced using varying numbers of these benchmarks 
will be quantitatively analyzed and compared with the unsuper- 
vised maps. 

3. Extended target control points. In mapping areas where 
ground control is not available or where point targets are not 
identifiable in the radar images, it may be possible to improve 
mapping accuracy by using extended targets, i.e., natural 
features whose positions are known within some bounds. We 
will attempt to produce a map of at least one ot the target 
areas using only extended targets as ground control and 
assess its accuracy. 

4. Unsupcrvised mosaics. One of the important applica- 
tions of SAR mapping is the production of mosaics from 
images obtained during different orbits. We anticipate that 
there will be several sets of SIK-3 data available in the map- 
ping mode, that is. taken at the same incidence angle with 
some amount of overlap. We will attempt to construct un- 
supervised mosaics of these images using the automatic pixel 
location algorithms and assess their accuracy. Hopefully, 
sufficient data will be available to repeat this at several 
different incidence angles and compare the results. 

5. Ephemerls improvement. A very strong constraint is 
placed on the cartography experiment by the spacecraft 
ephemeris. Even in the best case (see below) the sensor posi- 


tion can be determined by standard methods only to about 
300-meter one-sigma accuracy (D. Osburn. OSTA-3 Investi- 
gator's Working Croup meeting. Jan., 1983). This is far poorer 
than the accuracy we feel we will be able to attain in mapping, 
i.e. tens of meters. We will therefore attempt to actually 
correct the ephemeri« for at least one orbit using imaged fea- 
tures, either nature.! extended targets, natural or cultural point 
targets, or corner refi rctors. 

This will be do ie by measuring the range to the control 
points using da^a from an orbit arc where a minimum of 
Shuttle man^*«vers occurred, and comparing to the theoretical 
value<: computed from the a priori Shuttle orbit. The orbit 
wul then be differentially corrected using standard orbit 
determination software available at JPL until these residuals 
are zero mean. Gaussian, and of the order of the SAR resolu- 
tion (assuming there are no systematic errors). The new orbit 
will then be checked by predicting the positions of other 
targets either within or outside the calculated arc and com- 
paring to their surveyed positions. 

B. Stm%o and Topographic Mapping 

There are four basic stereo arrangements possible with 
synthetic-aperture radar. Convergent, overlap, and opposite- 
side stereo have been demonstrated on previous missions 
(although on a less than systematic basis), and multiple look 
angle is the primary mode for SIR-B. 

1. Stereo viewability. There are two main applications of 
radar (and photographic) stereo; visual interpretation of 
topography for geologic or terrain analysis, and production 
of topographic maps. Any investigation of the first of these 
is necessarily qualitative in nature, but there exists a body of 
work analyzing multiple-look-angle stereo in terms of the 
stereo exaggeration factor q through the use of image simula- 
tion. Several members of the mapping team have developed 
image simulators, and we propose to verify the results of 
these studies with the SIR-B data. 

2. Topographic mapping. One of the most important 
results of the cartography experiment should be an empirical 
determination of the optimum incidence angle combination 
for stereo topographic mapping. This determination will 
require a number of images at different incidence angles of a 
scene for which independent topographic data is available, 
preferably in digital form. It is important that as many images 
as possible be obtained, since they are analyzed in pairs and 
the number of pairs available from n images goes as n squared. 
For example, if the number of images increases from three 
to four, the number of pairs doubles. 

The stereo pairs will be analyzed and topographic maps 
produced using the Kern hybrid digital/analog stereoplotter 


that generated the map of the Greek island Cephalonia from 
SIR-A data. These maps will be compared quantitatively to 
independently derived topographic maps. In addition, data 
reduction will also be performed by purely digital methods 
using interactive image-processing type software. This software 
has been used to analyze simulated stereo pairs and will be 
modified to handle the slightly more complex SIR-B geometry 
(which will always contain a convergent component) during 
the first year of the effort. 

3. Radarclinomctry. A well known technique for deriving 
topographic information from photographs for which only 
single images are available is called photoclinometry. This 
involves knowledge of sensor and illumination geometry, 
and calculation of local slope (and. by integrating, elevation) 
from image brightness. In principle this will also work for 
radar images, which is in fact a simpler case since we are 
always dealing with backscatter. Presumably the same error 
sources will manifest themselves, namely intrinsic albedo 
differences will sliow up as slope changes. In addition, the 
method may be more successful at smaller incidence angles 
because of the increased sensitivity of radar backscatter to 
slope, but the effect may be canceled out by the increase in 
image distortion. 

We plan to test these hypotheses by producing radar- 
clinometric topographic maps of scenes for which multiple 
incidence angles are available. These will be evaluated by the 
same techniques used to analyze the stereo-derived topographic 
maps. 

C. Imag« Manipulation 

One of the key applications of topographic data in radar 
image analysis is the removal from the images of the distor- 
tions (foreshortening and layover) due to elevation changes 
within the scene. It is only when the images are so rectified 
that they can be registered to data from other sensors. S1R*B 
affords the first opportunity to pe.Torm a rectification experi- 
ment with digital images obtained at intermediate to high 
incidence angles. 

1. Rectification. Using SIR-B images, we will attempt to 
produce rectified versions of images that have been oriented 
and located under the planimetric mapping task. This will 
be done by using digital elevation maps from the USGS and 
also elevation data resulting from the topographic mapping 
task. Our success in accomplishing this in an unsupervised 
(automatic) fashion will constitute a good test of the plani- 
metric mapping and pixel location algorithms. 

2. Scatterometry and radiometric correction. An impor- 
tant potential use of orbital SAR images combined with 
topographic data is the production of backscatter curves. 


i.e.. plots of radar cross section per unit area versus incidence 
angle. Several SIR-B experiments will involve attempts to 
discriminate and identify surface geologic units or rock types 
by measuring the change in radar brightness between images 
obtained at different look angles. A drawback inherent in this 
approach is that the number of data points available to charac- 
terize the backscatter curve equals the number of images 
available. For SIR-B this is a maximum of six. 

When a radar image is combined with a digital topographic 
map. however, whether a preexisting digital elevation map 
(DbM) or one derived from the radar data themselves, such a 
curve with a much larger sampling of incidence angles may be 
derived from a single image This can be done when all the 
imaging parameters (sensor position and timing) are known 
by calculating the incidence angle at each pixel using the 
topographic map. 

To the extent that the SIR-B instrument will be calibrated 
(a few dB absolute and less than one dB relative) such curves 
derived from these data will be real backscatter curves. We 
will produce such curves for several test sites using both 
DEi%.‘*s and stereographically derived topography and. in 
cooperation with other team members who will be performing 
geologic discrimination experiments, compare them with the 
curves derived from the multiple image technique. We expect 
that scatterometer and ground-truth data will also be available 
from these sites from other experimenters for independent 
verification of the results. 

3. Map quality. One of the unique elements of the SlR-B 
instrument is that it allows us to perform for the first time a 
truly quantitative, systematic radar mapping experiment. 
Evaluation of the planimetric and topographic maps we pro- 
duce must also be quantitative and systematic, so we have 
identified as a separate task the establishment of a formal 
procedure for evaluating their accuracy in terms of National 
Mapping Accuracy Standards (NMAS). This may seem trivial 
but problems arise in that the NMAS and most other accepted 
standards for planimetric and topographic uiaps are generally 
defined in terms of contour intervals and position error on 
maps of certain scales. They are not particularly applicable 
to digital maps such as those SIR-B will provide. 

To present our results in terms of generally accepted map- 
ping standards, we will define the theoretical error limits 
(from knowledge of the radar parameters and spacecraft 
ephemeris) and actual errors (from comparing map products 
to ground truth) in terms of root mean square errors (RMSE) 
in X. Y, and Z. and convert these to the 90% confidence 
levels required by the standards. In this way we can accurately 
define the scales (1:250000. 1:10000. etc.) at which radar 
images can be used to produce planimetric and topographic 
maps of acceptable quality. 
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I. Introduction 

The Waddensea is an area of 8000 km^ along the coast of 
Northern Netherlands. Northwestern Germany, and South- 
western Denmark. It is one of the many coastal areas in the 
world that are constantly remodeled under the influence of 
the tidal regime. Erosion and sedimentation cause a constant 
change in bottom configuration. The monitoring of such 
dynamic coastal areas is of importance for coastal protection, 
maintenance of safe navigation channels, conservation of 
fishing grounds, and of the nursery function that such shallow 
tidal waters have for many commercial fish species. 

ITC seeks to use the results and survey methodologies to 
be developed in comparable areas, especially in the Third 
World. 

II. Obiectives 

Conventional survey methods of the tidal flats consist of 
terrestrial leveling and shipborne sounding. Weather condi- 
tions and sea state often interfere with surveying. The areas 
covered are usually of limited extent for technical and eco- 


nomic reasons. The effectiveness of a photogrammetric survey 
is often impeded by weather conditions in combination with 
the users requirements concerning the tidal situation. 

The potential of Lindsat data, covering the entire tidal 
flats at a certain, known, tidal situation, has been assessed by 
the investigators; they discovered that the data cannot be used 
for systematic survey because: { I ) of the lon;» interval between 
subsequent passes. (2) weather conditions often interfere with 
recording, and (3) of the lack of correlation between passes 
and the tidal situation. 

The objective of the present project proposal is to over- 
come the problems met with existing survey methods as out- 
lined above, making use of ( 1 ) the synoptic view obtained by 
SIR-B. which has the potential of surveying large areas of the 
flats simultaneously; (2) the all-weather capability of the 
microwave system: (3) the recxirding during consecutive days, 
which results in a straightforward correlation with the tidal 
cycle and the picturing of different tidal stages, and (4) the 
multiangle incidence of SlR-B for analyzing the bottom con- 
figuration of submerged parts of the flats. The use of a 
weather-independent monitoring device, such as radar, can 


mein « major improvement of the technique of monitoring 
tidal coaital areas. 


III. DMcrIptlon of th« Exp«rlm«nt 

To test the possibilities of SIR-B radar, the northeastern 
part of thi Tutch Waddensea area (6*15' to 6*40'E and 
53*35' to 25'N) has been selected as the study area. The 
same area has been used fur an airphoto experiment. Figure I 
shows the configuration of channels, tidal Hats, mainland, and 
islands of the area. The average tidal amplitude varies from 
1.5 to 2.5 meteis with a tidal period of 12 hours and 25 min- 
utes (Fig. 2). For this study, flve SIR B passes are at present 
planned, corresponding with different stages of the tidal cycle 
(see Table 1). This will render it possible: 

(1) To map the emerged and submerged parts of the flats 
at different tidal levels. The water lines so obtained are 
formlines rather than contour lines due to deforma- 
tions of the water surface caused by tidal currents and 
latei J shifts in the tidal cycle. The water lines will be 
transformed into contour lines on the basis of spot- 
heights obtained by echo sounding and by information 
from RWS gauging stations situated in the area. 

(2) To assess the radar response to bottom configuration 
at five different stages of submergence of the tidal 
flats. The response to depth relation thus can be 
studied in the tidal /one. The effect of incidence 
angle can also be analyzed by comparing the radar 
response during subsequent passes in areas of equally 
deep submergence. 

(3) To study the radar response of the emerged parts of 
the tidal flats in its relation to the time elapsed since 
the emergency and thus to the decree of drying-out, 
as well as the influence of microrelief (ripples) and 
soil type: sand, mud, or shells. 


An attempt will be made to assess the influence of ti 
wave pattern over the tidal flats as compared with that in t) 
gullies with respect to the radar backscatter under differe 
conditions of submergence during the tidal cycle. 

IV. Approach 

The approach to the project is basically geared to th 
extrapolation of conventional methods of aerial image analys 
of tidal flats to space-acquired microwave SIR-B data. To thi 
end the SIR-B data are complemented by airborne-acquire 
data and by ground-truth gathering including sounding an< 
gauging. The digital SAR data will be enhanced and geo 
metrically corrected with respect to control points (come 
reflectors for location), so that images of the different stage 
in the tidal cycle can be superimposed. Field parties wil 
collect terrain observation data at the time of each Shuttle 
pass, and measure the exact location of water/land boundary 
with respect to control points at a number of places. 

V. Anticipated Results 

It is expected that SIR-B data will give a complete synoptic 
view of the morphology of the tidal flats in the northern part 
of the Netherlands with water lines as a guiding element. 

It is also expected that the methodology developed will be 
applicable to areas of similar nature in the other parts of the 
world. The radar response to bottom tcpogiaphy will, in all 
likelihood, also provide information about me emerged deeper 
parts of the tidal channels. Analysis of Seasat (Fig. 3)datj has 
already yielded interesting results in this It stands to 

reason that the optimal angle of incidence T . btaining such 
responses Cdn also be determined. A better insight is expected 
to be gained on the influence of wave pattern and stream 
velocity along the gully edges on the radar return signal. 
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I. Objectives 

This experiment is a cooperative American-Canadian radar 
study of the Canadian Shield. Its objectives can be categorized 
as science-oriented and technique-oriented. The primary objec- 
tive is scientiHc: to investigate and clarify the tectonic rela- 
tionships of the Churchill, Superior, and Grenville Provinces 
(Figs. I and 2), concentrating on their geologic boundaries, the 
Nelson and Grenville Fronts. The nature and origin of these 
fronts, which have counterparts in most other Precambrian 
shield areas, are not understood. Theories range from in-situ 
regional metamorphism to tectonic sutures resulting from ter- 
rain accretion. The SIR-B investigation intended to clarify 
this problem. Secondary objectives are oriented toward tech- 
nique development, and include: (1) evaluation of the use of 
orbital radar in high-latitude Precambrian terrains, (2) evalua- 


tion of look-azimuth biasing in radar and Landsat imagery, and 
(3) investigation of the synergistic use of radar, Landsat, and 
geophy sical data in Precambrian studies. 


II. Description of the Experiment 

The experiment is essentially a traverse across the Canadian 
Shield using SIR-B imagery acquired during several descending 
passes, with as much overlap as possible, at three incidence 
angles. Imagery on ascending passes that cross the line indi- 
cated (Fig. 1 ) will also be used as available. This experiment is 
closely coordinated with the experiment ''Structural Investiga- 
tion of the Grenville Province by Radar and Other Imaging and 
Nonimaging Sensors,** described separately, which is concen- 
trated on the Bancroft area in southern Ontario. Landsat 
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imagery of the Canadian Shield is already under study at 
GSFC in an investigation of regional fracture patterns: this 
investigation is being phased into the SIR B experiment. 

This experiment is primarily a structural study, focused on 
fractures, dykes, folds, and major intrusions in the vicinity of 
the Nelson and Grenville Fronts as well as other sections 
covered in the swath. Aspects of regional structure that will be 
investigated include the degree of structural continuity across 
the fronts, evidence for lateral displacement along them, the 
nature of regional fracture patterns, and the like. 

III. Approach for Data Acquisition, Handling, 
and Analysis 

The general approach for data handling " ill be to analyze 
SIR-B imagery of the exepriment both by itself and in combi- 
nation with other data types, including Landsat and 70-mm 
hand-held photography acquired by the Shuttle crew during 
the mission. Since structure in this area is expressed primarily 
as topography, the data analysis will concentrate on this rather 
than lithology. Specific procedu.'es to be used include the 
following: ( 1 ) texture analysis, (2) high-pass filtering. (3) con- 
trast stretch. (4) median boxcar Filtering. (5) coregistration of 
SIR-B, Seasat, and Landsat imagery, (6) fracture pattern anal- 
ysis. and (7) photogeologic overlay techniques. These methods 
are, in general, a iaptations of already available techniques, 
although some specialized software may be developed. In 
addition, statistical comparisons will be made of structural 
rendition of SIR-B imagery as a function of incidence angle 
and illumination azimuth, and of illumination-azimuth biasing 
in SIR-B and Landsat imagery by cross comparison. Field 
work will be conducted to the extent possible. However, 
because of the very large area to be covered, field work will be 
limited to spot-checking of critical localities rather than sys- 
tematic areal mapping. 


IV. Expected Retultt 

The broadest result expected is a better understanding 
the nature of metamorphic fronts and. by implication, 
crustal provinces. This may come from li/tcxpected resul 
such as the discovery of previously unknown structures 
structural relationships. For example, should the SIR-B im; 
ery show that dykes of Archean age cross a front witho 
significant deflection or offset, this would put strong limits c 
the theory that fronts represent the suturing of accreted te 
rains. Another result that can be expected, judging from pr 
vious experience with orbital remote sensing, is the discover 
of unmapped or mismapped structures of lithologic units. 

Specific products expected from the investigation will in 
elude: ( 1 ) linear radar mosaics of the region between Manitob. 
and New York. (2) improved structural maps along the experi 
ment swath, (3) combined maps of the exepriment swath o. 
portion thereof showing the relation of SIR-B imagery t( 
structure, seismicity, and other geological or geophysical fea 
tures, (4) special-purpose images of selected regions produced 
by the data analysis techniques previously listed. 

General results expected in the area of technique develop- 
ment include an evaluation of the effectiveness of orbital rada^ 
imagery in a high-latitude shield, both by itself and in compar- 
ison with Landsat and other types of remote sensing data. A 
specific result will be a quantitative estimate, from cross com- 
parison of SIR-B and Landsat, and of SIR-B imagery with 
different look azimuths, of the degree of structural biasing 
caused by azimuthal variations. It should also be possible to 
produce an assessment of the best combination of incidence 
angles and illumination azimuths for structural mapping by 
orbital radar. Finally, we should gain considerable experience 
in combining orbital radar data by digital techniques with 
other types of remote sensing data. 
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I. Objectives 

This experimcni. to he carried out by the slat’! ot‘ several 
Canadian federal and provincial organi/ations. is an integral 
part of the more broadly scoped experiment entitled. **Struc- 
tural Investigation of the Canadian Shield hy Orbital Radar 
and Landsat.** described separately, and shares its general 
objectives to a large degree. However, this investigation is con- 
centrated on the Bancroft area in southern Ontario (Fig. 1 ). a 
representative section of the smithwcst Grenville Province. The 
area includes parts of the central metasedimentary belt and the 
Ontario gneiss belt, and major structures are well-expressed 
topographically (Fig. 2). 

The primary objective of this experiment is to apply SIR-B 
data to the mapping of this key pari of ihe Grenville orogen. 


specitlcally ductile fold structures and associated features, and 
Igneous, metamorphic. and sedimentary rock (including glacial 
and recent sediments). 

Secondary objectives are intended to support the Canadian 
RADARSAT Project by helping evaluate the baseline para- 
meters of a Canadian imaging radar satellite planned for late in 
the decade. These include optimum incidence and a/imuth 
angles. In addition, the experiment is intended to develop 
techniques for the use of multiple data sets. 

II. Description of the Experiment 

A very wide range of geological and geophysical data is 
available for the Bancroft test site, including Seasat. Landsat 
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MSS, and Landsat TM imagery, aerial photography, gravity 
data, a digital terrain model, and airborne magnetic and 
gamma-ray surveys. Considerable field work has been done in 
the area by Geological Survey of Canada geologists, and more 
is planned for 1984. The SIR-B imagery will also be used by 
the staff of the Ontario Centre for Remote Sensing and by 
the Canadian Forestry Service. Both these organizations have 
extensive experience in studying the vegetation cover of Cana- 
da by remote sensing techniques. 

III. Approach for Data Acquiaition, Handling, 
and Analyaia 

Data handling can conveniently be described under the 
three following headings. 

A. Viewing OMm«try 

To determine the best radar incidence angles for structural 
studies in the Canadian Shield, imagery from each of the three 
incidence angles requested will be combined to produce three 
alternative stereo configurations. These will then be used for 
geologic interpretation to determine which provides the most 
information. 

B. Look BIm 

After image processing techniques, such as shadow enhance- 
ment, have been applied to the data, visual and statistical 
studies will be made of biasing caused by look azimuth. 
Structural trends in the Grenville Province have a wide range 
of directions: this, and the expected variety of look azimuths 
available in Seasat. Landsat. and SlR-B should permit a good 
evaluation of the importance of look biasing. 


C. Multipio Data Sola 

The various data sets listed under "Description of tl 
Experiment** will be geometrically corrected and coregistere 
Each data set will be processed independently, preparatory i 
correlation with other sets. Processing techniques will inclut 
contrast enhancement, band ratioing. classification, an 
frequency Altering. Correlation with Landsat data will b 
stressed, based on previous studies. 

IV. Exp«ct«d RmuHs 

Scientifically, a major result expected from the experimen; 
will be better mapping and hence better understanding of the 
nature and origin of the Grenville Province. There are pre- 
sently two major hypotheses for the southwest Grenville oro- 
gen, one that it consists largely of diapiric granite intrusions, 
the r^^her that it is large thrust slices separated by broad 
m' Ion. ! zones. Which, if either, is correct may be answered 
'V r’ I help of SIR-B and related data. 

In technique development, the experiment should contri- 
bute to both the use of orbital radar in general and to the 
RADARSAT Project in particular. It will permit much more 
intelligent selection of incidence angles and wavelengths, and 
better allowance for !ook-azimuth bias. 

Finally, results of this experiment may be applicable to the 
larger area of its companion experiment that will investigate 
the Canadian Shield. The Bancroft area can serve as a training 
site for interpretation of imagery in other parts of the Cana- 
dian Shield, with proper allowance for differences in vegeta- 
tion and topography. 
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I. Summary 

The variability of the mesoscale wind fields near coastlines 
can be caused both by mountains that shadow offshore winds 
and by valleys that enhance them. These wind patterns are of 
scientific interest in their own right, of practical interest in 
local marine activities and weather forecasting, and provide 
relatively fixed patterns that must be considered in the devel- 
opment of algorithms for future spaceborne scatterometer 
systems; mesoscale variability over the offshore regions is 
random and must be averaged out for forecasting, but near- 
shore fixed patterns must be treated differently. 

Before the patterns of interest can be defined quantita- 
tively, the scattering response of the ocean to winds at the 
L-band frequency and SIR-B angles of incidence must be 
developed from the SIR-B data. Once this is done, patterns can 
be analyzed on the images both in regions selected for high 
probability of the occurrence of suitable patterns, and in other 
regions where the patterns are observed. The patterns will be 
analyzed both in terms of the topographic effects and the 
distance to sea over which these effects cause variations in the 


oceanic wind patterns. The results will be interpreted both in 
terms of quantitative description of the processes involved and 
in terms of the need for modifications of future scatterometer 
algorithms. 

it. Object<vas 

Most spaceborne measurements of wind vectors in the 
future will be made with derivatives of the Seasat scatterom- 
eter such as those proposed for NROS. the ESA ERS-1, and 
the NASDA MOS-2. For the synoptic-scale numerical weather 
predictions using data from these systems, mesoscale variations 
will be a nuisance (Ref. 1) and must be treated as part of the 
problem of turbulence and sampling variability. Hence they 
must be filtered out to obtain the best synoptic-scule winds. 

While midocean mesoscale variability needs to be smoothed 
and eliminated, coastal-scale variability in the winds must be 
treated differently, for some of these coastal variations are not 
random. The final algorithms for use of the future sy^.ems 
near coastlines will have to be adjusted for the effects of per- 
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sistent local wind field patterns so that these variations will 
not be mistaken for parts of the synoptic patterns. Moreover, 
knowledge of local persistent wind patterns is of importance 
to navigation in the areas affected, as well as to forecasting 
local weather and sea conditions. 

A major objective of this research is to develop the method- 
ology for use of SAR in space to establish these wind patterns 
so that, with the aid of future SAR missions, they may be 
incorporated into the algorithmic development process for 
future scatterometers. A second related objective is to identify 
the patterns in as many places as feasible within the mission 
constraints. Since little is known aboul the size and nature of 
these effects, even though their existence is well-known, a 
third objective is to quantify the nature of these wind pat- 
terns. This means that the differences in the offshore patterns 
need to be established for different mountain and valley con- 
Hgurations. A very important objective is to quantify the 
downwind extent of such patterns, and the rates of falloff of 
their effects. 

These coastal-scale wind variations are expected to be re- 
peatable because they are cTused by geographical effects, 
whereas the midocean mesc'seale variations are random. 
Examples of regions where the surface winds over the water 
are expected to vary by large amounts over short distances for 
similar reasons include the Straits of Juan de Fuca, in and sea- 
ward of the Alexander Archipelago, aiound Kodiak Island, in 
the straits of and around the Aleutian chain, and around 
islands such as the Hawaiian chain, Puerto Rico, Haiti, 
Jamaica, the Bahamas, and the Antilles. Indeed, Sun-glitter 
variations caused by light winds have bee*i observed in the lee 
of the Antilles in geostationary images, and apparent wind 
shadows appear in many places on Seasat and SIR-A images. 

The islands and straits listed above vary in size from barely 
mappable in a major atlas to quite large, and in location they 
vary from regions where the climatological winds are relatively 
steady in both speed and direction to regions where stormy 
conditions with high winds sometimes occur. Comparison of 
SIR-B backscatter observations over the sea with images of the 
adjacent land areas should allow identification of coastal fea- 
tures such as mountains and valleys that will make possible 
defnition of the offshore mesoscale variability caused by these 
features. 

Averaging of the signal strengths observed with a synthetic- 
aperture radar to obtain scatterometer-like observations over 
small areas seems an ideal way to study this phenomenon, 
although the azimuth variation of the backscatter will, of 
course, be difficult to ascertain. 


Further study will be needed to establish the L-band 
response to wind speed at the different angles of inciience for 
the SIR-B. This will require comparison of the SfR-B observa- 
tions with surface-truth wind vectors at both designated 
observation points and points of opportunity such as ships 
with anemometers. The error structure of conventional mea- 
surements is bett«*r understood since the recent work of 
Pierson (Ref. 1). Hind.asting in certain areas can be used as 
with Skylab (Ref. 2) if too few opportunities for direct 
observation are found during the mission. 

III. Approach 

To Study these coastal mesoscale variations will require two 
major tasks: improving on the estimate of the relation between 
scattering coeiTicient and wind vector given in Ref. 1 and 
using this improved estimate to calculate the wind speeds (and 
hopefully the wind vectors) in areas where the topographically 
induced wind variations are present in the SlR-B images. 

The first major task will be accomplished by comparing 
averaged scattering coefficients measured by SiR-B with buoy- 
and ship-measured winds for the available points and, if neces- 
sary, with hindcast winds for other areas. For most situations, 
signals obtained prior to both range and azimuth compression 
can be used (after detection) for this purpose, since the foot- 
print so obtained will be of suitable size after some range 
averaging. The results are expected to be biased toward the 
lower wind speeds if the summer flight schedule is maintained 
because winds in the northern hemisphere are usually moder- 
ate during the summer and rurface-truth information for the 
southern hemisphere is too sparse to allow calibrations there. 

The second major task will be accomplished by a combina- 
tion of planned observations for selected locations where suit- 
able conditions are expected to occur with high probability 
during the short mission. Observations in the Caribbean Sea 
are particularly important both because of the trade-wind 
stability and because of planned cooperation with Jamaican 
authorities. Meteorological conditions for the relevant areas 
will be obtained from nearby weather-station reports, and the 
expected patterns synthesized for comparison with the radar 
observations. If the pass is made during daylight hours, geo- 
stationary images of Sun glint obtained within a few hours of 
a SIR-B pass can be compared with the areal extent of the 
phenomenon observed in the SIR-B images. 

Tasks that are more suited to the oceanographic/ 
meteorological capabilities of CUNY will be performed there 
and tasks more suited to the radar capabilities of Kansas will 
be performed there. Specific tasks to be performed are: 


(1) Establish the best format for obtaining the backscatter 
data and develop local algorithms for handling them 
(KU). 

(2) Determine locations and characteristics of suitable 
surface-truth buoys, ships, and coastal weather sta- 
tions. Make arrangements to obtain data from them for 
the mission period. Feed this information into the 
mission planning (CUNY). 

(3) Identify the regions for most intensive study of the 
topographically induced mesoscale variations and feed 
these locations into the mission planning to assure that 
some of them will be covered (CUNY). 

(4) Obtain radar backscatter data and correlated meteoro- 
logical information for the areas selected in (2) and (3) 
(KU and CUNY). Develop a preliminary model of the 
variation of Oq for angles larger than the 20” of 
Seasat (KU). Determine whether hindcast data will 
be needed to improve these estimates (KU). 

(5) If needed, prepare hindcast objective analyses of wind 
Helds for areas where coverage is available in the North 
Atlantic and/or North Pacific (CUNY). 

(6) Obtain additional radar data, process them, and com- 
bine with the results of (4) and (S) to obtain the final 
estimate of scattering coefficient model parameters 
(KU). 

(7) Determine the level below which these phenomena are 
obscured by the effects of communication r'oise and 
sampling variability in scatterometers and show the 


value of such data foi modifying the algorithms for 
wind-vector scatterometers in coastal areas (KU and 
CUNY). 

(8) Quantify the nature of the effects studied and show 
their application to coastal meteorological and ocean- 
ographic problems (KU and CUNY). 

IV. Anticipated Results 

A more complete description of the relationship between 
scattering coefficient and wind vector will be obtained than 
was possible with Seasat because of the wider range of angles 
of incidence of SIR-B. The precision of the estimate, however, 
will probably be less because of the limited length of the 
SIR-B mission. 

A quantitative description of some of the effects of differ- 
ent coastal configurations on downwind patterns over the sea 
will be obtained. This will include both the effects of valleys 
that funnel high winds over the sea because of venturi effects 
and of mountains that cast wind shadows. The downwind 
extent and gradient of these effects will be determined. Of 
course, these determinations, too, will be somewhat limited by 
the short mission duration. 

A beginning will be made on the determination of the size, 
nature, and locations in coastal areas of persistent wind pat- 
terns that may have to be considered in algorithmic develop- 
ment for future wind-vector scatterometers. 




1. Pierson, W. J,, '^Measurement of the Synoptic-Scale Wind Over the Ocean,’’ JGR, 
Vol. 88, No. C3, February 1983, pp. 1683-1709. 

2. Young, J. D., and Moore, R. K., “Active Microwave Measurement from Space of Sea- 
Surface Winds,’’ IEEE J. Oceanic Engr,, Vol. OE-2, No. 4, 1977, pp. 309-3 1 7. 
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I. Summary 

Calibration of the vertical pattern of the antennas for the 
Seasat scatterometer was accomplished using the nearly 
uniform radar return from the Amazon rain forest (Ref. 1 and 
2). A similar calibration will be attempted for the SIR-B 
antenna. Such a calibration will be important in establishing 
the radiometric calibration across the swath of the SIR-B. and 
the methodology developed will provide an important tool for 
evaluation of future spaceborne iir g radars. 

This calibration was possible for the very-wide-beam Seasat 
scatterometer antennas because at 14.65 GHz the scatteiiiig 
coefricient of the rain forest is almost independent of angle of 
incidence, as had been demonstrated by the Skylab measure- 
ments (Refs. 3 and 4). Although we do not know that this 
condition will prevail at L band, one can expect that the vari- 
ation in scattering coefficierit for the rain forest across the 
relatively narrow vertical beam of the SIR-B will be very small; 
even at L band the forest should be essentially impenetrable 
for radar signals, so the volume scatter from the treetops 
should predominate as at higher frequencies. 


Ideally, aircraft measurements over the rain forest should 
be conducted at L band before the SIR-B mission, but this 
probably ^ not feasible. The basic elements of the research 
include: (i) examination of SlR-B images (and SIR-A images. 
u available) over the rain forest to establish the variability of 
the scattering coefficient at finer resolutions than that of the 
Seasat scatterometer; (2) analysis of the variability of SIR-B 
data detected prior to processing for either azimuth compres- 
sion or, possibly, range compression so that averages over 
relatively large footprints can be used: (3) processing of data 
of the form of (2) using algorithms that can recover the 
vertical pattern of the antenna. 

II. Objectives 

The first, and most important, objective is to aid in deier- 
mining th: radiometric calibration of the SIR-B images for 
other parts of the world. The antenna pattern measured before 
launch is. of course, a first approximation to the pattern that 
exists in flight. Possible deviations from this pattern can occur 
because of distortions resulting from erection of the antenna 


on the Shuttle. Thus, veritkation of the actual pattern of the 
flight instrument is important. 

The second objective is to develop this technique tor cali- 
brating the antenna pattern for future spaceborne imagint 
radars. Such a technique can result in a full definition of the 
vertical pattern for any spaceborne radar. 

III. Approach 

A. Background 

During the Skylab mission, numerous passes were made 
over the Amazon rain forest at the behest of Brazilian investi- 
gators. The Skylab RADSCAT ( 13.9 GHz) was operated in its 
cross-track contiguous scanning mode. Investigators at the 
University of Kansas noted that the scattering coefficients 
obtained for the large Skylab footprints (about 12- X 14-km 
ellipses) were very stable and almost independent of position 
within the rain forest, although a minor distinction could be 
made between the two major forest categories (less than 1 dB 
apart) (Ref. 4). This led to the consideration of this area as a 
potential test target for the Seasat scatterometer antenna. 

In planning for the Seasat scatterometer. the need for a 
calibration target was established. Various potential 'Standard 
targets** were investigated, including deserts in Africa. 
Australia, and southwest Asia, as well as forested areas in 
several locations. The investigation showed that the only area 
meeting the requirements of homogeneity over a very large 
area was the rain forest in the Amazon basin. Deserts are less 
homogerieous than frequently supposed, and sand dunes shift 
with the winds, making sand targets unstable. Demise forests 
exist in many other places in the world, but each one 
examined had undesirable features not found in the Amazon 
basin: too many clearings, seasonal variations, hilly or moun- 
tainous terrain. Preliminary examination of the scatterometer 
outputs from several passes over the Amazon fores! showed 
thai the stability of the scattering that had been predicted was 
verified (Ref. 1). Preliminary calibrations of the different 
scatterometer beams were then made from a few passes over 
the Amazon forest (Ref. 2). and the algorithms were devel- 
oped to permit a more complete calibration to be made using 
all available data (Ref. 2). These calibrations then formed the 
basis for final determination of the scatterometer performance 
and consequent correction of the processing algorithms. 

B. Research Plan 

The lesearch to be done here involves the following steps: 

(1) Develop criteria for determining from processed 
images, from maps, and from the Seasat data which 
areas of the rain forest are sufficiently stable to be used 


for this purpose. For example, in the Seasat work a 
digital map of the rain forest was prepared so that foot- 
prints containing rivers could be excluded from the 
analysis. This map might be used here, but a more 
definitive and less complex approach probably is to use 
the processed SIR-B images themselves. Optical pro- 
cesring is adequate for this purpose. 

(2) Develop preliminary algorithms for determining the 
antenna pattern from the SIR-B measurements over the 
Amazon area. These will be different from those used 
for the scatic ometer because the vertical beamwidth is 
much smallei for SIR-B, and they must also take into 
account possible larger variations in scattering coeffi- 
cient with angle of incidence. The algorithms must 
consider measurements made at different elevation 
pointing angles as part of the verification procedure. 
However, because of the swath-width limitations 
imposed by telemetry considerations, reasonably com- 
plete patterns can be obtained only at the steeper 
an^ljs. The algorithms must also include provisions for 
comparing vertical- and horizontal-polarization 
patterns. 

(3) Perform analyses of SlR-B images to establish the areas 
to be used for the antenna calibration. 

(4) Perform preliminary analyses of uncompressed data at 
different pointing angles to establish the pattern of 
variation of s attering with angle of incidence. 

(5) Apply the algorithms of (2) to the selected data, after 
making suitable modifications to account for the re- 
sults of (4). 

(6) Report the results both to JPL for use in updating the 
estimates of the antenna patterns to aid in radiometric 
calibration of the instrument and to the community 
at large as an indication of the techniques to be used 
for future spaceborne imaging radar calibration. 


IV. Anticipated Results 

The result of the first objective should be an improved esti- 
mate of the radiometric calibration of all SIR-B images, wirh 
consequent benefits to all other investigators, provided c-f 
course, that the rain forest proves stable enough at L band (oi 
this calibration to be of the high quality found at Ku band. 

The result of the second objective will be provision of a 
procedure to use in performing such calibrations on all future 
spaceborne SAR missions. 
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I. DMcription of the Invettigation 

Our broad objective is to develop and to evaluate tech- 
niques for using combined image data from the Shuttle Imag- 
ing Radar (SIR-B) and the Landsat Thematic Mapper (TM) or 
Multispectral Scanner (MSS) for studies of irrigated crops, and 
boreal and deciduous forests. In particular, we will strive 

(1) To increase the understanding of the physical bases for 
combined radar and optical remote sensing of veg- 
etation. 

(2) To investigate the effects of the structure and composi- 
tion of crop canopies and soil surfaces on multiangle 
L-band HH (horizontal polarization for transmission 
and reception) backscattering and on optical reflec- 
tance (in TM or MSS bands viewed at the nadir). 

(3) To increase the understanding of the roles of micro- 
wave (L-band HH) scattering by canopies and si.rfaces 
and transmission by canopies at different angles of 
incidence. 


(4) To evaluate the absolute and relative accuracy of digi- 
tal, calibrated SIR-B Image data and Landsat TM or 
MSS image data. 

(5) To develop and to evaluate textural information 
extraction-techniques for radar and optical image anal- 
ysis. 

Concerning our role in the NASA Earth Resources Program, 
our investigation is relevant to both remote-sensing science and 
to Earth botanical sciences (crop and forest st idles, biomass 
and leaf area index surveying, and soil surveying). 

II. Description of the Experiment 

A. Study Aruas and SHaa 

We will use sites (approximately 10 by 10 km each) in two 
areas: (one is the irrigated cropland in the San Joaquin Valley 
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or the Sacramento Valley, California, and the other ii the 
boreal and deciduous forests in New England and New York. 
We chose these large areas to ensure that the sites would 
contain a wide variety of crops or forests even with the change 
in the position of SIR B coverage that is likely to iKcur after 
launch. 

B. Cropland Conditions and Ground Truth 

In the irrigated cropland sites, crops of different types will 
have different biophysical properties, surface rouglmesses. row 
directions, and surface moisture conditions. We will acquire 
ground truth in a number of these to characterize their iden- 
tities and biophysical conditions. As a basis for the analysis of 
the optical and radar images, we will use aerial photography to 
aid in the mapping of ground-truth information. 

C. Crop Canopy Tranamittanca 

Since variations in soil moisture and surface roughness 
often produce significant differences in surface radar backseat- 
ter, we can observe the reduction of these differences due 
to canopy attenuation and deduce the transmittance of many 
different types of canopies. 

D. Calibration Acccracy Maaauramant 

With well calibrated L-band airborne radar scatterometer 
measurements across the image area, we will be able to check 
the relative accuracy of the backscatter coefficients mea- 
sured by SIR-B. We will use the Barnes Multimodular 
Radiometer (MMRI. which has a set of spectral responses 
similar to those of the TM and MSS. to measure the retlec- 
I rnce factors of a sampling of fields. We can use these to 
luantify the reflectances of fields as viewed by the Landsat 
sensors (under the assumption that the atmosphere is horizon- 
tally homogeneous across the site). 

E. Cropland Imago Data Analyala 

We expect registration and rectification of SIR-B and Land- 
sat sensor data to be relatively straightforward in irrigated 
cropland test sites. We will use standard data extraction and 
classification procedures to process image data to produce 
thematic maps of appropriate cropland features. In addition, 
we will use the Hsu texture-feature extraction algorithms to 
study the texture information content in Landsat sensor image 
data and SIR-B image data for crop-type identification. 

F. Forests Condttlont and Ground Truth 

In the forest test sites, a variety of mixtures of tree types 
with some pure stands of conifers and deciduous trees will 


eAist. Here, ground truth will be less extensive than that o 
irrigated fields; however, changes in biophysical conditions ar« 
slower. This will t>rovide more time to assess these. We wil 
rely heavily on aerial photography to map forest communities 

G. FoTMts Imago Data Analyala 

In the forest, we will be primarily interested in the con- 
gruence of spectrally similar areas in the landsat TM or MSS 
image data with those of the SIR-B diita. We will identify 
similar and disparate areas with aerial photography and with 
field checks. We w ill use the Hsu texture-featuie algorithms to 
investigate the possibility of identification of forest types by 
texture and backscatter. 

H. Uaa of Comblnad Optical and MIcrowava Data 

In both areas and for both sets of vegeiution types, we will 
use the hypothesis that optical and radar sensors respond to 
different biophysical conditions. The Landsat sensors should 
provide information on leaf properties (e.g., green leaf area 
and perhaps leaf water content) and canopy percent cover (for 
crops where bare soil is visible due to cultivation). The long 
wavelength (L-band) of the SIR-B will tend to penetrate the 
leaves and will be more responsive to stems, stalks, and trunks. 
Also, due to the HH polarization of the SIR-B. planophile 
plants may differ from erectophile plants in that the former 
will display less backscatter and the latte n greater penetration. 
The SIR-B may be sensitive to those plant-part sizes n?ar the 
sensor wavelength (23 cm or inches), whereas Landsat sen- 
sors ter*d to be insensitive to such considerations. Expected 
changes in the appearance of vegetation ginopy elements for 
different angles of viewing may lead to better classification 
results with multiangle SIR-B data than with any given single 
angle. 


III. Approach for Data Acquisition, Handiing, 
and Analysis 

A. SIR-B Data 

We will use multiangle data over the test sites at a minimum 
of two sensor view angles that span the range from 20 to 
50 degrees. We will use the larger-angle data first in digitally 
prtK'essed format for the irrigated crops test site. 

B. Landsat MSS and TM Data 

We will use either TM or MSS data for the areas that the 
SIR-B has viewed during a time period near (within two 
weeks) the times of acquisition. Airborne TM simulator data 
may be used in lieu of actual TM or MSS data. 
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Alfbonw Data 

Low-altitude (500 m from the ground) radar scatterometer 
ta (l.-hand HH) for several fliglit lines across the SIR B 
age (crosstrack) will be acquired within one day of the 
bject SIR B image data acquisition. (The C-130 radar scatter* 
deters acquire data at angles from S to 50 degrees from the 
dir). We will use radar scatterometer data at L-band HV and 
C-band (HH and HV) for comparison to the L-band HH data 
extend the results to other microwave bands and polari/a- 
Dns. Also, we will use images acquired with the JPL airborne 
•band synthetic-aperture radar (SAR) over the cropland sites 
om opposing directions with an a/imuthal direction that is 
le same as that of SIR B. These data will allow us to extend 
ie analysis to VV and VH (or HV). that is. the complete set 
f standard linear polarization combinations with the HH 
olarization combination of SIR-B. 


I. Qround-Tfuth Data 

We will visit a sampling of fields in the cropland test sites to 
ather closeup photographs, to identify plants, to estimate 
reen-leaf area index, to collect biomass samples (for estima- 
ion of wet and dry biomass and of plant water content by 
larts). to estimate growth stages, to measure plant height, to 
juantify plant structure, to estimate small-scale surface rough- 
less. to measure row spacing, row direction, row depth, and 
ow shape, and to estimate surface-soil moisture condition. We 
n\\ acquire these data during the time period of the experi- 
nent. We will visit a sampliiig of areas in the forest test sites to 
lake qualitative estimates of community mix and condition. 
\/e will acquire these data shortly after the time period of the 
shuttle mission. 


E. Data Handling 

We will use standard optical and digital products from the 
spacecraft and airborne sensors. We will register the multiangle 
SIR B, Landsat sensor. DTM, and ground-truth raster-scan 
image data sets by using the capabilities of the Image Pro- 
cessing Laboratory (IPL) at JPL. We will use supervised and 
unsupervised classification algorithms, contrast enhancement 
algorithms, color combinations, data extraction, and other 
facilities of the IPL. We will use Hsu*s feature-extraction 
algorithms at his facility in New York. After data extraction, 
we will perform calculations of canopy attenuation and will 
analyze the correlation of raw and transfomed remotely 
sensed data averages (field and subarea). 

IV. Exp«ct*d RmuHs 

We expect to increase our understanding of the capabilities 
of L-band. single-polarization combination (HH). single-date 
(one-week), multiangle, optically and digitally processed radar 
image data with and without concurrent Landsat MSS or TM 
image data for vegetation discrimination, canopy penetration 
and condition assessment, and substrata condition assessment. 
We expect to increase our understanding of the role of surface 
roughness, row structure and direction, and sensor look angle 
in microwave remote sensing of vegetation. We expect to 
increase our understanding of the use of combined optical and 
radar data (including bands, polarizations, and angles different 
from those of SIR-B). We expect to be able to quantify the 
calibration accuracy of SIR-B processed image data. We expect 
to evaluate procedures to reduce radar image speckle (by areal 
averaging and use of texture-extraction algorithms) and to 
extract radar image texture for identification of vegetation. 
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I. Description of the Inveetlgetion 

Remote sensing has been recognized for some time for its 
potential in exploration geology, resource assessment, map- 
ping. and land-use studies. Most applications of remotely 
sensed data have focused on multispectral imagery. This situ- 
ation arose in large measure due to data availability. Synthetic- 
aperture radar (SAR) imagery wat: generally not accessible to 
most investigators; also significant were the difficulties many 
image analysts had in interpreting radar data. 

It is immediaiely apparent from the examination of almost 
any SAR data that the radar return is primarily a function of 
the topographic relief Yet radar reflectance is dependent on 
both surface roughness and the dielectric constant of the sur- 
face material. These two parameters can in many cases be 
related to lithologic inits. Thus, if the first-order terrain 
effects due to topographic relief could (in essence) be removed 
from the radar image, the SAR data might well be used for 
lithologic discrimination. The objective of this investigation 
(Ref 1) is to evaluate such an approach. The results will be 
compared with lithologic classification based upon multi- 
spectral (visible and infrared) data. 


II. Ov«rvl«w of InvMtigatlon 

Field geologists recognize that many lithologic units have 
characteristic differences in their basic texture and their 
response to erosional mechanisms. These differences are direct 
consequences of such factors as chemical and mineralogical 
composition, alteration or cementation, age, and stress history. 
The assumption behind this investigation is that such textural 
differences contribute to characteristic roughness properties at 
L-band wavelengths. Through compensation- for local radar 
incidence angle, discrimination of lithologic units, according to 
variations in roughness, may be possible. 

The SIR-B experiment with its multiple-incidence-angle 
capability makes in*'estigation of the roughness properties pos- 
sible. By using high-resolution digital terrain data, the local 
incidence angle for each radar pixel can be calculated. Areas of 
range ambiguity can be masked to avoid contamination of the 
data set. By geometrically registering the imagery from multi- 
ple SlR-B passes over the test site, multiple values of radar re- 
flectance (each at a different incidence angle) will be obtained. 

Landsat Thematic Mapper data along with ground truth will 
be used to deiine training cells that characterize the various 


t 


lithologic units in the area. By aggregating the ladar data for 
these cells, curves of radar reflectance versus local incidence 
may be estimated. These curves, one for each lithologic mate- 
rial. will then be used to classify the test area. Classification 
will be performed using first the radar data only. The results 
will be compared with a similar classification based upon the 
Thematic Mapper data. Field investigation will be performed 
to evaluate the results of these classifications. 

The test site for this investigation will be an area of approx* 
imately 400 km^. probably in western Nevada. Actual site 
selection will be based upon considerations of radar geometry, 
geolcjc diversity, topography, and the availability of neces- 
sary support data. 

III. ApprcMich for Data Acquialtion, Handling, 
and Analyala 

Several data sets are required for this study. The SIR-B 
imagery will be supplied by JPL on computer-compatible 
tapes (CCTs). Seasat data for the test site will also be pro- 
vided as available. In addition. JPL will supply Landsat The- 
matic Mapper and/or airborne multispectral scanner imagery 
(on CCTs) for the test site. 

Most important to the effort is digital topographic data. 
Level 2 DLMS (Digital Land Mass System) data, having a 
spatial resolution of approximately 30 m, will be required. 


NASA will be coordinating the effort to ensure the availability 
of this information for all test sites. The Analytic Sciences 
Corporation (TASC) will be responsible for compiling ground 
truth from the published literature and other nonrestricted 
surveys. 

The digital data will be processed using TASC s VAX-based 
Image Processing Laboratory (IPL). Available in the IPL is an 
extensive set of TASC software for interactive image prcKess- 
ing. including a SAK simulation package (SAKSIM^^)* and 
utilities for image registration, radiometric correction, and 
image classification. All SIR-B data processing and associated 
analysis will be done on this system. 

IV. Antlcipalad RmuHs 

It is expected that the investigation will demonstrate the 
extent to which multipie-incidence-angle SlR-B data can be 
used to discriminate lithologic units. Estimates of radar back- 
scatter versus angle of incidence will be provided for the signi- 
ficant units in the evaluation area. The SIR-B data will be used 
to classify the lithologic units in the test site, and a compari- 
son of these results with a similar classification using optical 
sensor data will be presented. Field activities will be oriented 
toward understanding both the success and failure modes for 
lithologic discrimination using SIR-B data. 


*SARSIM 1% a trademark of The Analytic SciciV'*« Corporatkm. 
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I. Introduction 

Ihis iCMMtth will deal with two piimaiv ohiedives The\ 
are 

ill In (JeleriniiH* opiiimini ladar illuniiiK lion genrnetiies 
toi stereoscopic analyMs ol siiitace lopograpliN 

(2) lo ci'fiMruct correlation anil image processing experi- 
ments on SAK data lor impiovcd mioimation ex- 
traction 

Specilicdllv . N^e propose to 

( 1 1 Develop models ol the geometrv ol the imiltiple SIR H 
views ol the Larth and establish the sensitivitx ol the 
deiived terrain altitude data to the various system para- 
meters 

(2) Derive the limits ot accuiacy ol terrain data achievable 
with SIR-H 

{}) Develop aigtuithms lor m;;tchmg multiple SIR-H images 
to generate digital terrain maps. 
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|4) Demonstrate the use of such terrain maps m geometric 
correction and registratmii ot SIR H and Landsat The- 
matic Mapper data 

A survev hy the I nited Nations (Re! I I indicates that the 
coverage o! the world b> existing topographic maps is not 
adequate to meet the demands Furlhet. it is not expected that 
conventional techniques ot ground and aerial surveys will he 
able to keep up with the tequirements It has been shown that 
the Landsat Multispectral Scanner (MSS) images meet mapping 
accuracy standards at I 2^0.000 scale (Rel. 2). Visual inspec- 
tion ol landsat Thematic Mappei ITM) images indicates that 
they arc at least comparable to I (>2.500 scale maps in terms 
ot detail, which would make (hem very useful for quick 
satisfaction of the carti»graphic requirements of large portions 
«)l the world. At this scale, however, map accuracy slandards 
equate to errors less tlian 0.5 pixel at W.l of the locations A 
simple calculation indicates dial it terrain altitude variations 
are not accounted tor in the rectilication of TM images, an 
altitude change of 1000 meters will result in an appaicnl 
displacement of about 5 pixels in the worst case (that is, at the 
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it and west edges of the image). Hence, it is evident that to 
ip regions with significant terrain variations accurately, it is 
iential to take altitude changes into account. With even 
gher resolution sensors being considered and requirements 
r better mapping accuracy, it becomes essential to account 
r altitude in the geometric correction of remotely sensed 
ita. 

In addition, altitude data are essential for geological map- 
ng and extrapolation of surface data provided by Landsat 
ito the subsurface (Ref. 3). Also, the effect of altitude on the 
/pes of vegetation that can grow at a given latitude are well 
nown and the inclusion of altitude as an additional data plane 
1 multispectral classification will result in more accurate esti- 
lates of land cover. The need for altitude and slope informa- 
ion in hydrological runoff modeling and sediment yield esti- 
iiation is quite obvious. 

H. Description of the Experiment 

The e.xperiment involves the derivation of three major algo- 
rithms. In the first, equations for mapping two corresponding 
points in two stereo slant-range images into a single point in 
the X, y, z geodetic elevation map coordinates will be derived. 
The accuracy with which the coordinates can be obtained 
depends ultimately on the slant -range resolution accuracy of 
the radar sensor. Figure 1 illustrates the region of uncertainty 
in the ground range and the height due to the slant-range 
resolution accuracy of the sensor. (Graham's (Ref. 4) and 
Leberl’s (Ref. 5) accuracy calculations are based on the model 
dlustrated). One can see that for the large look angles illus- 
trated (best suited for stereo analysis), the uncertainty in 
height is larger than the uncertainty in the ground range. Even 
this accuracy can be achieved only if ail other parameters in 
the model are known precisely. As part of the experiment, 
ground-truth points in each image will be matched to estimate 
the parameters to as great an accuracy as can be statistically 
obtained. Coriander’s work (Ref. 6) shows that, assuming a 
smooth Earth, points in a single SAR image can be located on 
the surface to an accuracy at least commensurate with the 
slant-range resolution using only the model parameters sup- 
plied from the spacecraft ephemeris and ground tracking data. 
We expect to perform the same experiment deriving elevation 
data based on a stereo geometric model. 

The second algorithm will match corresponding points in 
two overlapping SIR-B images. The Massively Parallel Pro- 
cessor is capable of computing match functions for all points 
in the reference image simultaneously. Thus it is possible to 
use this machine to obtain height information for all points in 
the reference image rather than just on a coarse grid. For this 
purpose, we propose to employ the method used by Marr and 
Poggio (Ref. 7). With this method, we apply a coarse (narrow 


“pass-band”) filter to the two stereo images. Then correlation 
is performed within a search area and over a window whose 
size corresponds to the filter function (such that it is unlikely 
for more than one match point to be within the search area). 
The relative locations of the resulting matched points are then 
used to locate the edges of hills and valleys in the SAR images 
such that corresponding areas where there is relative distortion 
between the two images can be located. Image data in these 
areas can then be “rubber-sheet stretched” (or compressed) 
prior to the next conelation step. The hierarchical approach 
used in the Marr-Poggio algorithm to obtain matches at higher 
and higher resolution w ill be evaluated. 

The third algorithm deals with the errors and “no-match” 
points. It IS e.xpected that, due to inherent differences between 
the images, no algorithm will be able to perform the matching 
correctly at all points. For instance, it is obvious that, in SAR 
images, points in the areas that are shadowed in either of the 
two stereo images cannot be matched. However, one would 
like to detect points that are incorrectly matched and perhaps 
correct the match. One way to do this is to examine neighbor- 
hoods of points in the reference image and look for the 
matching distances calculated for those points which are out 
of line in some manner. The technique would be appropriate 
to elevation data since there should be no points that “float” 
much above or below' all of their neighbors. 

III. Expected Results 

The overall results of this work will be the increased ability 
to combine or merge image data inputs from several separate 
sensors and to extend the present standard rectified spectral 
image data base down into the microwave spectral bands. A 
secondary result will be new' algorithms for automatically 
establishing height information from stereo pair images. Spe- 
cific results will be: 

( 1 ) An analysis of error accumulations in the location of 
points on the ground due to spacecraft, sensor, and 
orbit uncertainties. The resulting analysis will produce 
system models that will be useful in designing, in the 
future, more accurate SAR sensor systems that will be 
complementary to other multisensor imaging systems. 

(2) Automatic techniques for matching corresponding 
points in stereo pair images. 

(3) Automatic inclusion of height distortion effects in geo- 
metric correction of Landsat TM and future imaging 
sensors. 

(4) Automatic means for merging height, radiance, and 
shadow' information from SAR imagery with Landsat 
imagery, and the ability to incorporate this data into 
classification algorithms. 
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I. Description 

This investigation consists of five experunents tha* treat 
different aspects of the interpretation and applicatior of 
synthetic-aperture radar data It is to be conducted undci the 
administration of the Centre ft»r Remote Sensing at the 
University of New South Wales and will involve staff and 
facilities of the Centre and other Schools of the University. 
The experiments are described in the following 

A. Arid Zona Studies 

This experiment will investigate the utility of SIR B data 
for analysis of surface properties and subsurface morphology 
In three arid regions of Australia. The regions define three 
subprograms: 

I . Fowler’s Cap. This study area is located in western New 
South Wales (3l"00’S. 142®00’E). It contains extensive 
aeolian and alluvially derived depositional plains and is the site 
of the University’s Arid Zone Research Station; it is well- 
mapped and surveyed. The specific objectives of the experi- 
ment are 


( I ) T o evaluate and map radar backseat ter against known 
terrain conditions. 

(2) To determine relative components ot surface and 
subsurface return with a view to identifying structural 
properties of surface and subsurface morphology 

(3) To assess the capability of microwave remote sensing 
in locating likely groundwater sources in the Bancannia 
Basin, near Fowler’s Gap 

2. Pooncarie. The ^i*ifion around Pooncarie (33®30’S. 
142^40’E) contains a delicate ecosystem known as Mallee 
It has been the site of environmental, ecological, and anthro- 
pological in 'estigations (Refs. 1 and 2) with current programs 
of study directed to monitoring the rate and extent of clearing 
and associated soil erosion (Ref. 3). The experiment to be 
carried out in this region will examine the lelationship between 
the structure and distribution of Mallee vegetation, surface 
roughness, and radar backscatter. This will demonstrate the 
potential of radar-derived information for mapping and 
monitoring land-cover changes in Australian arid environments. 

3. Amadeu!» Basin. The Amadeus Basin is a petroleum 
exploration region to the west of Alice Springs in central 
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Ausirilia t24^(K)‘S. I 42*.U)’I I In this subprogram the polcn- 
tul ot raJjr ilatu tor mapping surface litholog> arul subsurface 
structure m tlie basin u to be evaluated Of particular interest 
III this low lairitall regn n will be whether sigriifkartt |H*netra 
tion Is piissible as an aid n the identitication ot structural and 
stratigraphic traps of significance to petroleum e\plorath»n 

I he s»nd> is likel> to have value also m exploration lor 
mineral commodities other than oil and gas 

B. Surface and Subsurface Microwave Properties 

I Ins esperiment has two compiments related to empirical 
and modeled radar scattering coefficients One is concerned 
with irid /one soils and soil rock layered structures, the other 
IS related to agriculture 

Ik'cause ot likely I band {umetration in and /ones, it is 
anticipated that vertical moisture profiles will be determinants 
of radar backscatter I his will be addressed by measurement 
of soil nu»isture and complex permittivity profiles at I owler's 
(lap. followed by a theoretical analysis ot radar scatterir.it 
from permittivity prtrfiles A similar study will be performed 
with layered structures in the Amadeus Basin 

I he ef fect ot tillage practices and crop canopies in so tar 
as they induce periodic or t|uasi periodic |vrrnittivity varia- 
tions within a radar resolution cell are also to be examined in 
agricultural regions 

C. Topographic Mapping 

This experiment will investigate the geometric accuracy of 
features derived from SIR B data, and the det'.'ctabilit> of fea- 
tures reijuired tor particular cartographic and thematic map 
scales in .Australia This will include a study v)f whether stereo- 
scopic (multiple-angle i images can give improved plainimetric 
accuracy compared with single-incidence-angle data Meightirig 
and contour accuraev from multiple-incidence-angle imagery 
w ill also be assessed ( Rets 4 and 5 ) 

An essential aspect ot the ex|X‘riment will be rectification 
of SIR B image data and registration of' mulliple-incidei.ee- 
angle coverage This will involve use ot ciirrection tormulas 
and ground control p<nnts (Ref hf These will be used also to 
coregister radar and Landsat data, as required for experi- 
ments described in Sections I) and h 

The site> for the study will be the city of .Sydney (.T^^.SO'S. 
I5l'’00’hf toi wTnch accurate control is available, and the 
l owler’s (ijp site in A 1 above, fowler's (iap is well surveyed 
and has .xn adequate logistics infrastructure to support the 
placement of corner reflectors for accurate contnd A third 
site near Mt. Kosciusko in New South Wales may also be used 


since near-ortliogonal Shuttle paths arc anticipated in that 
region logether. these sites provide a range of terrain tv|x*s 
to allow the mapping capabilities ot SIR B to be assessed 

0. Urban Monitoring 

The urban environment consists of multifaceted and 
-oriented features of differing spatial frequencies Ihisexperi 
ment will investigate then effect on radar backscatter as a 
function of incidence angle, witli a view to determining an 
optimum derived radar signal lor merging witli visible and 
infrared data in urban information extraction It is expected 
that separation of urban land use classes (industrial, commer- 
cial. and residential! not currently possible with existing 
satellite spectral data will be improved by tfie analysis of 
merged dat i sets 

Sy dney ( .'3*’50’S. I 5 l'’(J()’fc ! has been chosen as the site for 
the study since prev.ous investigatio.is have established a large 
number ot residential training areas (Rets. 7 and H| and ct>n- 
trol points (Ret Morphological and orientation data will 
be determined trom air photographs and ground visits, and will 
include variables that measure street and building orientation, 
root facet area and inclination, building si/e and density, 
surface material, and vegetation proximity Multiple linear 
regression will be used ti> determine relationships between 
varying incidence-angle and look-angle responses and the 
vari» us interpreted variables. 

E. Information Extraction 

This cxpiriment vvill address three issues in agricultural 
classification from radar data The first is concerned with crop 
discrimirvjtion in multiple-incidence-anglc imagery fenneret al. 
(Ref lO) and Tlaby et al (Ref 11) have noted that tillage 
practices lead to dependence of radar backscatter on incidence 
angle It is expected that this dependerice may contribute to 
crop discrimination This will be tested for SIR-B data using 
clustering procedures and separability measures on wheat 
crops in the state of New South Wales 

The second aspect is concerned with the use (;♦' spatial con- 
text in the accurate classification of radar data. Common 
image classification techniques label pixels in isolation from 
tfieir neighbours using spectral data alone Context classifica- 
tion allows near neighbouring pixels to influence the labeling 
process by incorporating a spatial nu>del of the region exam- 
ined. This can reduce errors due to unknown factois such as 
topography and soil nuMsiure In the case of microwave data, 
confusion will also result from cultivation practices, canopy 
density , and speckle. It is anticipated, therefore, that accept- 
able classification accuracies in practice will demand context- 
sensitive algorithms such as label relaxation techniques used 
with [.andsat image data (Ret. 12). 




l^bcl relaxation methods can also he used, in a modified 
form, to permit improved classificaMon accuracy from com- 
bined data sources (Kof 13) In the third part of this expcri- 
rnen*, these techniques will be available for integrated radar 
and l.jndsat data 

A related aspect of this project is to interpret radar imagery 
of sugar cane fields in the State of Queensland This will be 
carried out in association with the Bureau of Sugar I xpcriment 
Stations 

II. Data Acquisition, Handling, and Analysis 

f ield data wiM be gathered for each site to suppor; the 
experiments described In the case ol Sydney, much exists 


already, and for Pooncarie. supporting SIK A gr<»und truth 
has been evaluated and is available An L band apparatus is 
being designed for on site soil complex permittivity measure* 
ments capable of transmission or resonator operations The 
New South V^ales !)ejtartment of Agriculture is a participant 
in the information extiaction experiment and will undertake 
associated field checking of interpreted imagery 

SI KB image data v^ill be analyzed using a Dipix Aries If 
image-analysis system Kaw signal data is requiieu for some 
aspects of the topographic mapping experiment and for the 
experiment dealing with scattering from complex permit- 
tivity profiles This data will be correlated using commer- 
ciall> available SAK software installed on a VAX arras proc 
essor facility 
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I. Introduction 

The overall objective of this investigation is to fully exploit, 
principally by means of expanded coverage, the penetration 
capability of the SIR B sensor in desert regions and to devise 
refined models to explain this penetration capability in terms 


of radar physics and regional geologic conditions. Specific 
objectives will be to ( 1 ) image a far larger area of the Western 
Desert than the single swath obtained by SIR A in order to 
better define ihe sand-buried *‘radar-rivers** discovered and 
first described by this Investigator learn following SIR-A, 
and to determine their sixes, extent, sources, ages, and rela- 
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tioru to preicnt diaiiuitc ot the Sahara. < 2 textrj|>otjtc 

reiultk and procedurc% devclo^vd diirir\|( our SIK A iftvc%tt|(a 
tioni and in fit ahi>\c to te%t the application ot SIK wiuor 
capahility tor |teolo|uc re%earcli in other dexeri regioru ^heic 
rna)or tand buried draina|ie» are %uipected to exut. and \\!icre 
tlie»e irncitiiratori have relevant (troutid and literature exper 
tive {}) determine, aik precivel> av fH)V»ihlc. flic boundary con- 
dit'oni and evaluate the various pararnet**rv ot the SIK vipnal 
penetration phenomena, thii will include *he development ot 
empirical vignal fHmetration alKorilhmv tor valid mantled 
h> perarid-to vemiarid terrairu 

Av rep4>rted m Kot 1. SIK A imagev ot the VNeitern lX*vert 
m I gypt and Sudan ihow buried tluvial lO|Mjgiaphy . taulti. 
and mtruvive bodiei that are otherwive Lrgely concealed 
beneath unconvolidatcd vand vheetv. dunet. and alluvial depov 
itv I he various tonev on the radar unagev result trorn abvorp 
tion or penetration ot the radar vignalv in dry. relatively 
tlne-gramed surticial sediments, and specular retlection or 
backscatter from surface or subsurtace interfaces Kelict river 
valleys containing deep alluvium appear as dark, dendritic net 
works bounded by bright /ones that are interpreted as low 
(sand-mantled) bedrock divides (t ig 1) f ield investigations 
of sites where the sand-rr^oo’cd bedrock appears bright on the 
radar images confirm si^i.a! |>eneiratlon through at least 
10 m of fine sandy alluvium and through as much as 3 m of 
dry. loose sand sheets and dune« theoretical estimates of sig- 
nal penetration, based on laboratory measurements of elec- 
trical piO|X*rties of the sediments, are as much as 5 m. 

( onditions m regions of the hastern Sahara arc ideal tor 
pictorial representation of the now obscured shallow subsur- 
face The sand plains arc typically Hat. smooth, and unvegc- 
taicd Kamfall is practically unknown m the Western Desert, 
which lies in the core of the largest hyperarid region on I arth 
Thus soil moisture, which largely controls the electrical pro- 
perties and thus the ‘‘effective |venetration“ depth of SIK 
radar signals, is essentially abrent. resulting m very low loss of 
signal m the surficial sediments The signal is actually enhanced 
as It IS refracted through this nearly transparent surface 
medium, leachmg the rellecting substrate at a higher angle of 
incidence (Kef. 2) 

The proposed work is directly applicable to the objectives 
of NASA's Non-Kcnewable Rcso irces Program to use space 
methods for the exploration, assessment, development, and 
management of mineral arid energy resources, and to use 
space methods to assess the hydrologic environment through 
analysis of drainage basms. recharge areas, aquifers, ind 
groundwater (low. Although all of the work proposed is out- 
side the United States, it has a direct bearing on U S. interests 
abroad, particularly the ongoing USAID Mineral. Petroleum 
and (iroundwater Assessment Program (MPUAP Project 2(>3- 


0105 ) m I gy pt and the ciKipcraiive work already done between 
the US(fS. JPi and tlie Igyptian (icologual Survey and 
Mining Authority (l(iSMA) My using Oie Western iXsert as 
the end member m the global aridity sequence, we liope lo 
develop a new reterence tramework tor studies (»t the American 
S4)uthwest 


II. Description of the Experiment 

this SIK M investigation will consist ot three closely rclarcd 
tasks 7u\k I Use SIK H mapping mode image data to visually 
depict and map the old master streams and other geologic tea 
lures 111 the Western Desert and surrounding areas ol the 
I astern Sahara I he SIK based maps will show the s4)uices 
and directions of former sirearn flow the extent ot tributary 
networks, stream-capture patterns, and the locations ot 
regional divides between the drainage basins Interpret the sub 
lacent geologic informatitm slu>wn on these maps, in concert 
with existing geologic and geophysical data, to assess possible 
groundwater and placer mining resources associated with 
subjacent stream valley alluvial fills A secondary objective 
w ithin I ask I w ill be lo investigate possit ancient tluvial 
interconnections between the major depressions or “mega- 
oases'* in the Western IVsert. including Kharga. I arafra. 
Mahariya. Dattara. and Siwa Tuik 2 Use SIK M mapping 
mode and multiple-mcidence-angle-mode image data to test 
and model subsurface mapping capabilities in other foreign 
desert regions where sand-huried drainage systems are known 
to exist and where the USUS iXseit Studies Group has exten- 
sive ground and/or literature ex|xrience coordinated with 
Undsat studies. Iluiiugh this task we hope to provide a 
spectrum of documented penetration locales for areas tliat 
difler f.om the Western iXvcrt in degree of dry ness annually , 
seasonally , and diurnally Specific areas of limited extent in 
Peru, the Northern Sahara India, southern Africa. China, and 
Australia are included in task 2 !usk J Use SIK B multiple- 
incidence angle-mode data to continue the development of 
empirical radar-backscatter and -signal (lenetration algorithms 
for hy perarid-to-arid terrains initiated following SIK-A 
(Kef 2). 

III. Approach for Data Acquisition, Handiing, 
and Anaiysis 

Only one tantalt/ing pass of SIK A image data was obt lined 
across the hyperarid Western IXsert in Fgypt and Sudan, thus 
leaving us with a glimpse of major subsurface river valleys and 
a variety of buried geologic structures, but with no way to 
extrapolate these to the T.astern Sahara as a whole. Inspection 
of SlK-A images of other deserts suggests that signal penetra- 
tion occurred in at least two other and regions, e g., parts of 
the An Nafud Saudi Arabia, and pait of the Alashan Plain. 
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n^rUmctt Omu (Kcl .U hui puKit ot the pencil jium i4pj 
hiliiv ol the SIK on 4 |tloh4) %v4le. will require mure 

J4t4 troni SIK H 

Oui hjik 4ppro4ch will he to u%e SIK H im4||ic%(in ctmccri 
with field oh»erv 4 lioiii. elcctric4l pro|Krliei mejiureiiienti, 

1 4nd%4l MSS, and new data reque%led ttorn the land^al 
Ihemalk Map|>er and the Large Formal ( arnera tIK M a^ 
4 new reconruiiiance tiHil to interpret the luhjjcent geolog> 
of and regii>ru where the bedrock and top«)gr4phk tramewmk 
are hidden h> 4 veneer ol dry, windblown »4nd. and where 
rekmree exploratitm otherwise requires the use ot expensive 
geophysical iiH>ls and exploratory drilling 

A. Task 1: Invaatlgatlon of tha Palaodralnaga. 
Subaurtaca Structura. Oaoarchaoloqy, and 
Mlnaral Potantlal of tha Eaatarn Sahara. North 
Africa 

Prior to SIK H the learn will participate in a U S Agency 
lor International IK*velopment t I'SAlDituiidcd joint IJSCiS 
and KiSMA expedition to the I gypt Sudan border and Satsat 
Oasis legions in March l‘^b4 I he pur|H)se will be tt» explore a 
number of key “radar river” localities by means ol deep 
trenches cut by a backhoe Iraverses will be made across and 
alot.g the batiks and channels ot the buried rivers. Ihe trench 
sections wilt be map|ved in detail and studied tor their fossil, 
archeological, and heavy mineral content Samples will be 
collected tor laboratory analy sis ot the electromagnetic prop- 
erties at varying depths Navigation to and positioning ot the 
trenches will be accomplished by use of newly prepared 
l.andsat and radar images coregistered to the 1 5(X).()U0 scale 
AMS Series 1501 maps In addition we will use a Magiiavox 
MX4102 Satellite Navigator (first uwd during the Match 1^83 
expedition) to determine the latitude and longitude, to within 
100 meters, ot each trench. The expedition in .March l‘)H3 
represented the beginning systematic wi»rk on the radar 
rivers by hCSMA. in cooperation with the L'SCiS f roni data 
collected on the I ‘^84 expedition we will liKate seismic prtdile 
lines and positions tor an array ot deep-core holes to be drilled 
in the thalwegs ot the channels to determine their depth, 
groundwater and mineral potential Ihe above work will 
essentially complete the field exploration phase ot the US(jS 
work on the limited area imaged jIK H. 

I:xtensive image coverage of the I astern Sahara has been 
requested with the LhC during the STS- 14 flight, and photo- 
graphs obtained by the Metric Camera expcrimcMit on STS-‘> 
(Spacelab) in 1983 have been requested 

Well log data from some 1412 wells drilled by the Govern- 
ment of Fgy pi (GOh) and foreign groups are now being com- 
piled by the hgypiian General Petroleum (Ompany (Kef 4. 


pp 44 50) and will be acquired, ahmg with airbiunc geo 
priy steal data. Including the existing acrornagnetk and seismic 
surveys and the new surveys currently un lerway in the V^esiern 
lX.*seii I xiiling water wells will be smipled tor ( dating to 
dcMermine it groundwater is ancient or currently being repleri 
ished Ihe abtive data rets will be slaridardl/cd tor coregistra 
tion on maps ot the paleodrainagc. which will be based on the 
SIK A and SIK H data extr ipolaled to adjacent areas on 
[.andsal images 

B. Task 2: Qlobal Taat of SIR Subsurface Mappirsg 
Capability In Sample Hyperarid-to-Semlarld Desert 
Areas 

Analysis ot selected desert areas tor the SIK A learn 
Kcpt>rt (Bleed and others in Kcl 5) indicates some degree ot 
|verieiration by the SIK sensor m desert regions less and than 
southwest I gypt and northwest Sudan lor lask 2. a ghibal 
sample ot deserts has been selected specifically to test the 
ability ot the SIK sensor to detect and map subsurface features 
through sand sheets and minor dunes in other foreign regions 
each has different conditions td aridity but. like the Western 
LKrveil, a shallow sand cover that tibscures the subjacent geol 
ogy SIK B mapping mode coverage has been requested tor 
each test area, and multiple-incldence-mode coverage tor a 
tew selected sites Apparent imaging of subjacent features will 
be assessed by comparison ot geohigic features revealed on (he 
SIK B images with the visibility of these features tin specially 
processed l^ndsat images, and on ground and aerial photo- 
graphs Apparent penetration will be compared with the iheo 
retical penetration depths at given localities, as calculated from 
laboratory tests ot the surficial materials already collected 
from most of these areas in the course ot related field studies, 
and from climatological data In preparation tor SIK B. 
samples from several test sites are being analyzed tor grain size 
and composition, and the appropriate l.aridsat and photo- 
graphic data are being assembled 

C. Task 3: Davelopmant of Radar Backacatter and 
Penetration Algorithms for Hyperarld-to-Arld 
Sand-Covered Terrains 

(oven the SIK-B availability of digitally processed images at 
selectable incidence angles, “it will now be possible to enter an 
entirely new era of radar image analysis in which quantitative 
methods and mathematical models of backscatter will provide 
a powerful enhancement to the traditional photointcrprctative 
methods” (Kef. 6). lask 3 directly addresses this obiective by 
determining, as precisely as possible, the boundary conditions 
for spaceborne radar subsurface imaging in hyperarid areas 
as a function of moisture content, gram si/c. sand depth, and 
incidence angle. The Western Desert is selected as the major 
test area for (his task because in this region as many variables 
as possible (such as vegetation) can be eliminated 
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y^otk prior to the SIK li iimtion mvolvci ^14111 %i/c, iik)I» 
lure, 411 J elccirk4J proffer iie» ine 4 iurciiitftiu on wr.iplck in 
h4nd, continued tkld 4iid theoietic4l SIK iiniul penctulion 
itudiet ot the UetleMi l)c%ert niiiteruU based v)ii SIR A lesults. 
field sampling ot test iitei that vvill undergo multiplc inudeiuc- 
angle imaging during SIK H. and the integration into I ask 3 
ol Ijindsa; and Large format ( arnera image data as thc> 
become available During expeditions into the Vkestern lX*sort 
m Septemher l^h2 and March samples ot the sand 

sheet, dritt san<t, duties, and saiid> alluvium beneath tht sand 
sheet were collected m moisture tight plastic bottles tor lab«ir 
ator> measurement of electrical properties, including the real 
and imaginary tc^i component of the dielectric constant 
from these measurements, calculations ot the loss tangent 
effective penetration depth, or ••skin depth.** and 
attenuation (dB ml can be calculated As part ot I ask 3, we 
will pursue the use of a portable radar instrument for direct 
measurement of near surface electrical properties smiultane 
ously with direct recording ot the depth to a shalhrw sub- 
surface interface 

following the disc«>ver,» of significant penetration by the 
SIK A signals m the Western Desert, f.lachi. Koth. and Schaber 
(Kef 2) showed theoretically that, under hyperarid condi- 
tions. a lowsignaMoss sand layer can jitually enhance the 


capabitii) to image the subcujtace due U* letradlon ut the 
signal at the air sand interlace I he retraction. the> tound 
results 111 a sniaJlc; etlective incidence angle and 4 stronger 
hackscatter. which can compensate tor losses due to ah'orp 
titm ot the signal m the div sand la>ei and its retlection at the 
air sand interface I his 1 *iit theoretical stud) into SIK signal 
penetration in h>|vei.*iu^ ^and covered teirains also sliowed 
that the enhancement etled. described above is most pn» 
nounced with the II H polaii/ation (that id SIK A and SIK Hi 
and at large incidence angles I ask 3 will turlher investigate 
this enhaiicernent etted and attempt to verily it ernpiricall) 
tor application to the design ot future SIK experimciits 


IV. Expected Results 

Results ot ticld expeditions into the Western Desert during 
September ldh2. March ldh3. and .March 1984. supported b> 
NASA (Non Renewable Resources Branchl and I'SAID Cairo, 
will be submitted for publnation m the open literature prior 
lo launch ot SIK B a*nt ptovide a UNetuI baseline tor the 

interpretation ol these new data Major ctintradual products 
will include interim and final contributions to the SIK B learn 
reports m addition lo torniul p'lblications ot tinal results m the 
open literature 
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Fig. 1. Imag«t of hypororld roglons of tho Libyan Pa — rt. (a) Two-frama Landaat mosaic of raglon In nofthwa a t Sudan and aouthaaal Libya 
bofw— n latitud— 18 dag«o— 30 mlnut— to 21 dagra— N. and longltud— 24 dagra— to 26 dagr— a 30 mlnut— E. Black lln— outllna tha 
swath (50 km wkta) of SIR-A data taka 28. Rav. 27 shown on Fig. 1b. Moat of tha raglon la mantlad by tha aarwJ ahaata (oantimatara to matara 
thick) and laolatad durw irjina. with local outcroppings of aadimantary rocks vlaibla on tha uppar Landaat frama. (b) Sama two-frama 
Landaat Mo— Ic as In Fig. la with SIR-A Imaga auparpoaad. Lightar ara— on tha SIR-A imaga rapra— nt moatty aubaurtaoa atactrlcal 
Intarfac— (primarily rooghna— and callcha camantatlon of aadimant banaath tha loo— sand covar). Buriad itraam vallaya. obacurad on 
Landaat but mv— lad by dark pattama on tha SIR>A Imaga. ara flllad with many matara of •mnd and allitvium that contain rK> significant 
aubaurfaca radar Intarfac— to backacattar tha algrwi. Tha largar vallaya ara thought to ba Mktdla Tartlary In aga arnf tha am*llar darKiritlc 
chanr^a to ba of Plalatocarw Aga. Tha buriad (22-km-wlda) ‘radar-rivar' ‘ vallay on tha rK>rthaaat adga of tha SIR-A atrip la — wida ,^a tha Nila 
Vallay but was r>ot racogtiizad prior to tha SIR-A mission. 
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This proposal includes several dilferent application areas 
and harlh scien* es. The success of radar sensors in these areas 
of interest depends on the knowledj»e of the hackscalter of 
radar waves from the targets of interest, the variance of these 
interaction mechanisms with respect to changing measurement 
parameters, and the determination of the inllucnce of the mea- 
suring systems on the results Supplementing the use-oriented 
parts of this proposal, the following methodological experi- 
ments are anticipated 

(1) The derivation of the incidence-angle dependency of 
the radar cross section of different natural targets. 


(2) The analysis of problems invvdved by the combination 
of data gamed with different sensors, e g. MSS-. TM*. 
SPOT and SAR images, this analysis will be done with 
reference to differences in spatial lesolution and obser- 
vation geometry (nadir-looking via side-looking). 

(3) The deiermination o\ the correlation of radar cross- 
section values gained with ground-based radar spec- 
trometers and spaceborne »adar imaging, and non- 
irnaging scatterorneters and spaceborne radar images 
from the same aieal target, this work package also 
includes the analysis of the speckle texture gained with 
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the dittcfcnt \cn\or^ tor the poicntui Jcrivjtion ot 
target signature% 

(4) The developrntnt of nev^ approaches o! SAK image 
processing algorithms 

(5) The calibration ol the SIR B data 

V (b) The analysis ot tlie penetration of L band radar \suses 
into vegetated and nonvegetated surfaces 

The experiments will be undertaken at three different test 
sites Freiburg and Cologne in the Federal Republic of 
(lermany. and Botswana 

Jl jc Freiburg test site i^^lUii ^^^rirne area for the calibration 
and laruTuse inventory 

As regards waltbratlon. the folhming activities are foreseen 

( 1 1 Application of “active radar calibrators “ The ob)ective 
IS to calibrate the SIR B Radar for point targets with 
an accuracy of I dB 

(2 1 Measurement of significant extended targets (fields) in 
tfie area of Freiburg by means of L- and X band 
scatterorneters to study the sigrna naught development 
as a function ol the season for various crop ty pes 

(3) Study of the interrelation between extended-target and 
point-target response of SIR B by comparison between 
the SIR B signal values received from the AR('s and 
from the fields studied with the scatterorneters 

(4) I’se of corner reflectors for geometric corrections and 
as markers to identify the test site dimensions. 

(5) Antenna pattern measurement by use of a set of cali- 
brated receivers. 

(6) Penetration measurements of SIR B signals in bare soil, 
forests, and corn fields by use o the calibrated 
receivers 

As regarCiA agriculture and land use, the follow ing activities 
are foreseen 

( I ) Comparative study between the C V-5S0 aircraft SAR 
results for the Freiburg test site and tlie SIR B data. 

(2) extension of the Freiburg digital terrain data base to 
100 X 100 kmr 

(3) Realization of radar simulation for the F reiburg test 
site and improving the data base catalog and the simu- 
lation model by comparison between the simulated and 
the actual radar data. 

Freiburg has been used for many remote sensing experi- 
ments for many years. Therefore, it is a well known reference 


for the SIR B experiment ( tdogne has been selected as the 
test site mainly for 

( 1 1 The production of topographic maps in the scale of 
I 2(K) 0(K) 

(2) Multisensor comparison (this site is the only area that 
has been imaged by Seasat) 

(3) (ieornetrical rectilication and correlation with data 
from other sensors 

The experiment at B<»tswana is intended to evaluate the 
information content of I -band SAR data for hydrogeological 
problems. It .s intended to study the groundwater balance in 
the foreland ot the intracontinental Okawango delta in northern 
Botswana 

Tlie derermination of the quantity of groundwater flow, 
which IS of economic interes* f(»r this ctmntry. could be 
approached in two different ways 

( M By tlie detection and delineation ot higlier permeable 
zones in the Kalahari beds, these zones are expected 
at the only surface outflow, the Chobe river, which 
flows toward the Sarnbesi 

(2) By the discrimination and delineation of clay and salt 
in the depression (base levels) whereby the evaporation 
area could be determined directly and the quantity 
of evaporated water indirectly. In l.andsat imagery , 
clay flats and sah flats could not bo .\cparatcd. Con- 
cerning the application of l.-band SAR. it is expected 
to differ between the following Ouaternary deposits 
because of surface roughness and different vegetation; 
clay. salt. sand, and calcrete. Furthermore, it is hoped 
to discriminate and to delineate soil of higher moisture 
content with characteristic vegetation, which may 
indicate shallow fresh groundwater The differentation 
between salty and salt-free soils in the depressions will 
lead to the delineation of fresh and mineralized ground- 
water Finally, the discovery of old river courses and 
valley fills of coarse material below uniform layers of 
fine sand are expected. The anticipated results are: 

(a) Improvement of methods in remt>te sensing for 
discrimination and delineation of unconsolidated 
Onaternary deposits under semiarid conditions. 

(b) The possibility of deiecting material i>f higher 
permeability (coarse-grained sediments) below a 
relatively thin and uniform sanJ cover. 

(c) The improvement of the overall water budget of 
the Okawango delta, which is of vital importance 
for the economy, the natural environment, and 
the preservation of wildlife of Botswana. 
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I. Investigation and Technical Plan 

In this proposal we wislt to extend an invertible conifer- 
ous canopy reflectance model, developed by Strahler and 
Li (Ref 1 ) The extension will involve the joint use of SIR-B 
multilook angle data, the multispectral scanner (MSS), and the 
thematic mapper (TM) on Landsat In the event that near- 
contemporaneous Landsat data is not available to go with the 
SIR-B data, the most recent existing Landsat data will be 
used, because of the very slowly changing nature of the forest 
canopy in mature coniferous forests. 

Work on visible and near-infrared forest canopy modeling 
IS continuing by both Strahler and Li. The team member's 
role in this proposed project represents a continuation and 
extension of his interest in mapping natural vegetation using 
radar imagery, including coniferous forests in the United 
States (Refs. 2 through 1 1 ) In addition, the team member has 
worked extensively with radar imagery in project RADAM m 
Brazil, in Nigeria, in northern Australia and New Guinea, and 
Venezuela, mostly in broad vegetation-community mapping 
and geomorphological mapping. 


The extension and modification of the model into the 
L-band radar region will, at least initially , treat the coniferous 
tree trunks as dielectric cylinders, surrounded by cones of 
thinly dispersed water droplets, the latter in part following the 
treatment by Fung and Ulaby (Ref. 12) of water in crop can- 
opies in the radar region as a dispersed system of water drop- 
lets equal in depth to the crop height It is anticipated that 
there will be some difficulties with these nuidels with respect 
to invertibility In particular in open canopies it may be neces- 
sary to try several sizes of aggregation of pixel elements, 
because the long wavelength and Rayleigh distribution of the 
radar signal will give rise to high radar-signal variance, which 
may confound the inversion process or at least degrade the 
potential accuracy of the inversion The necessary theoretical 
calculations will be carried out with respect to reasonable 
assumptions of differential scattering and penetration as a 
function of radar wavelength, covering the radar region from 
1 cm to 23 cm, in order to place the L-band radar in the 
appropriate context in this range. Detailed fieldwork at the 
time of passage of SlR-B, and detailed photo interpretation, 
will be carried out and tests will be made with subsamples of 
the field data to calibrate the model and verify accuracy. 


4-132 


Same side sicteoKopy achievable with imiltiangle radar 
linages m addition to aiding getdogic. geoimMphk . and drainage 
network analyses, is ot considerable aid in vegetation mapping 
Any subtle tevtures in lores! communities that ar.. indistin 
guishable when viewed monosc(>pkally become detectable 
with stereokopy Those with expeiierice m mapping vegc'« 
tion with radar rect>gni/e that textural variations are of more 
than equal rank with tone as a discriminant However, in 
heavily treed areas, dissimilar plant communities ( associations! 
trequently appear similar on radai, primarily because they are 
similar structurally It appears that some previously mdistin 
guishable communities may be separable witli stereoscopy, 
and that variations m stand density may also be observed bet 
ter w till stereoscopy 

Overall there are issues of look angle, resolution cell si/c. 
and possibly wavelength that need to be explored in attempt 
ing to develop an invertible model using a J.^cin radar system. 
These cinisideralions will be included in the experimental 
design 

II. Approach 

As noted above, the model developed by Strahler and Li 
(Ket I ! will need to be modified substantially with respect to 
Its assumptions in order to acctMnmi»date the long wavelength 
radar, to make use ot radar multiple look angles, and to incor 
porate both TM and i idar I he necessary theoretical work lor 
this deveh»pment will occupy mucfi of the first year of the 
study, with appropriate computer simulation using moditka 
lions of the existing software 

To test tlie model on real data, we have cliosen the Dock 
Well area in the (lOose Nest Ranger District of Klarnatli 
National horest in northern Calif«»rnia. used already by 
Strahler and Li Color aerul photographs at I I6K40 scale are 
already available. We have selected tl ree stands ranging from 
very sparse to im>derately stocked ponderosa pine, in the 
gently sloping portions of the forest, in order io avoid prob- 
lems associated with terrain irregularities in both the radar 
and, ii> a lesser extent, the optical sensors In previwu.. work m 
this area we have relied on photo interpretation for calibra 
lion, estimaiing heights and densities of the stands from the air 
photos, and using the measurements both to calibrate the 
model and. in lieu of field data, to serve as controls for evalu- 
ating the operation of the model, hor Mils proposal, we will 
field sample to provide an accurate base of ground measure- 
ments of tree heiglit and spacing to compare model results 
with reality. Determinations of tree height and spacing from 
air photographs are subject to error and bias. Ground and air 
photo measurements are needed at sufficiently higfi precision 
to taciliiatc accurate calibration. 


(iround photographs will be taken along witfi enough obsei 
vat ions on tree height, spacing, ground slope angle and aspect, 
so that any errors and biases from tlie photo interpretation 
will be established ( orrections tor both bias and variance in 
th * data will be employed thereafter with the air photo iiilei 
pretalion data. 

l or the relatively small area involved in this study, we will 
lake care with aerial pluUographs to bring all three sensors 
(MSS. Thematic Mapper. SIR ID into high spatial ctmgruence 
River lunclions. river bends, and ridge tops where shadows 
begin in tlie radar are likely sites tor mutual registration 

The multiday variable look angle radar images will be used 
to prepare a grid of spatial resolution elements to place over 
the stereoscopic aerial photographs The variance in spatial 
densities within the tliree primary conifer stocking derisiiies 
wil! he assessed si> that the consequences of spatial misregis- 
tration. or mislocatton ot resolution element sites, can be 
detemimed. Since (he radar signal is sampled from a Rayleigh 
distribution, it will naturally have high vaiiarice within a sin- 
gle broad class This variance will be superimposed on the 
variance attributable to ditterential stocking density of com 
ters and to misregistration, and will degrade, to some unknown 
degree, the ability to invert the model and achieve high accur 
acies of stand density estimation Amongst other procedures 
to investigate, we will look at multilook angle and signal aver- 
aging over larger resolution cells for single images to see 
whethc. this intrinsic high variance in the radar signal can be 
reduced eriough so that the intrinsic scene variance ratlier than 
the noisy radar signal variance is the dominant element in the 
return 

We will resample the radar. Thematic Mapper, and MSS 
data so that we develop two sets of spatially registered data 
initially at 30-rn and 8()-m resolution f urther stepped degra- 
dations 111 resolution will be assessed by weighted pixel averag- 
ing These variable-resolution, registered image sets will be 
coregistercd with areal counts of coniferous trees, unshadowed 
and partially shaded by ad)acent conifers, for each radar look 
angle and direction, and for the actual solar-illumination direc- 
tion and angles at the time of Landsat passage. This will con- 
stitute the bask data set for analysis of look angle, image lex 
ture, and inversion processes. 

The implementation of this approach in a fiscal-year ciin- 
text IS given below 

( 1 ) f IM84 tins period will cover field woik at the time 
t)f passage of SIR IT 

(2) I 1*^85 this period will be devoted to 

(a) Theoretical development of radar modeling 
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{^) Prepjriht>n of correcliotu to jii photo inter- 
pretation uiing tuch paramet«;rft a% ground oh^r- 
vation% ol tree height and ipacing 

(c) Modification of exuting tore%t canopy modeling 
software to accommi^date FM handt and radar 
multilook images. 

(d) Simulation ruru u&ing Monf«r ( arlo simulations to 
test the sensitivity of the revised model to the new 
kinds of errors with radar inputs 

tel Development of spatially registered data sets 
resampled to 30 m and M) m, these sets will he 
capable of weighted aggregation in integral steps ot 
30 m and of random number selection of 100 pixel 
samples within each of the three selected density 
classes of the ponderosa pine forest 

til MSS 
(111 TM. 


(ml SIR B. multilook angle 
(IV I Iop«»graphic data 

(31 FV lOhb this period will he devoted to 

(al (alitration of mt)del with turiher sensitivity 
iialysis 

(hi Testing ot model against Dock V^ell area data and 
ground observations 

(cl Overall assessment ot project results with respect 
to sensiiivit) ot I hand radar to ditferential 
height and spacing ot conifers, to look-angle 
ettewts to misregistration, to its incremental value 
in 4 rmiltispewtral s>stem. and to the invertihility 
ot 1 hand radar based, or L hand radar augmented, 
models 

(dl Preparation ot final report and papers for 
puhlkation 
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I. Objective 

The ohjcci ol this invciligalion is to conduct extensive 
correlative studies into ionospheric irregularities and associated 
ettects on space time SAK image processing and mtormation 
extraction, including sensor calibration, target statistics 
determination, resolution, distortion, and overall image 
integrity 


II. Experiment Concept, Plans, and Products 

The processing ot SAK images assumes that the phase and 
amplitude of the radar is known or can be modeled through- 
out the end to-end s>stem so that the required coherency of 
the SAK radiation * uii be preserved in the image processing 
procedure. It is known that certain ionospheric domains can 
introduce substaniuil phase fluctuations in the SAK satellite- 
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lo-tjr|ecl wluniicl v^ilh Ircqucnc) womp<»ricnti womp^iihle to 
jiul luithcf tiun 1 /. v^licrr / u the intcnti«iiit»n hmc toi the 
%>nlhclk 4 pi?rtufc It i% 4 lu> known that unc 4 >m|>cnvatcJ plia%c 
cirori will cau\e the »ynthctk pattern to exhibit a lluctuatinit 
iiuin lobe with a bnuder beam, lexi peak gain, and an axix 
that p4>ints in a diMetent dirccinm tf4im that 41 I the unpei 
tiirbed xynthetk beam I he xide lobe xtruwtutr v ill aUo be 
observed t 4 > tluctuate It ix poxxible that the lluctuatnmx in 
phaxe acroxx a x> nthetk apcMure length wan be X 4 > xexere that 
the mam hibe ix dextf4i>ed 

(he i4)iioxpherk d4>mainx moxt like!) t4) degrade xpaweborne 
SAK imagex (xee Mg It iiklude the ir^ittime equatorial 
region tapprrr.ximately within a band 4i| the magrietk 

equat4ir. during the period 2200 i.UK) h Ukal timet and the 
higlvlatitude legkinx (1MLAI|> 55* ( night i. > i)5* tda>M 
nearly a'«xayx Unutxpheik xtructure at the equator moxt likely 
to Jvgrade the SAK xyxtcm hax a leaxt lower b4>und near 
225 km while the xame parameter at higli latitudex ca.t •*xtcnJ 
d4)wn to 150 km. SIK*H pmsidex a rnixsion ot opportunity 
to xtudy ihexe efiewtx with xwath woverage 4»vei 4»r near 
planned loruixpherk xtationx in Peru Hra/d. India Greenland, 
and the L’ K. -Norway Sweden-hmland xe4.tor (xee table I 
tor xtation v^oordmatex and planned irixtrumentatnmt Addi- 
tionally. a mobile umoxpheik ground xtation can [ ro\ Je 
coverage in the Indonexian quadrant with corielattvc textx 
conducted by a collaborating wierice learn in Japan hrmi- 
spheric meaxuremcrit lechniques planned hn the SIK-B 
investigation include lomrxphcnc backwattcr ladars. p4ilarim* 
eters. xcintillaium receivers, and all sky and scanning plurtom- 


eterx Vkith our ground*baxed lomixpherk Jiagiioxtkx arras we 
will axxexx the I4>ri4>xphcrk c<mditl4>n, the height and deiisiis 
4)1 the F layer peak, itx stale ot irregularity, its variations in 
total election content, and the \pa*ial and teiiqHnal distribu 
tionx ot the irregularitiex thernsclvex ^^llh the iori4»spluik 
data, and c4>ordinated SIK-H 4>peiati4M'al periods, we will 
conduct correlatnm and image pi4>cexxirig experiments <m ihe 
SAK data t4> determine and quantity lomixpheric ettccts tui 
intormation extractnin from the SIK*H image A^ an "hirni- 
spheric htlectx Science Team.** we will be asailable to all 
SIK-B experimenters as c4>rixultant% on the various unstable 
and irregular states krmwri t4> exist in the nmoxphere \^e will 
be available tor the detinition. planning, and implementaiiori 
4it microwave technique tests such as sensor calibraiion. target 
statistics determination, and radar imaging in spotlight 4»r 
squint nurde As gi4>und*based experimenters and SIK-B 
Kierice team participants. 4iur activities, inputs, and analyses 
will provide the tirst extensive crrrrelatixe texts 4 H ionospheric 
irregularities and ass4xiatcd cMects 4 m spaccb4>rnc SAK imag 
ing integrity These results will have global implications with 
multiple ground sites in the equatorial and high-latitude 
domains 


SlK-B lx unique in that it is a missum 4)1 opportunity 
heavily leveraged v«ith multiiiatmnal agency support, it will 
provide a subset ot inl4)rmation supp4»rting the deveUipment ot 
a gli)bal map 4)t SAK operatumal characterixtics and related 
ionospheric etlects ax a tuncti4)n 4)t latitude, day , night 4)pera* 
tiorix. and phase path distrntioriv 
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I. Background 

I tie gradual iiKrea>e in the puce ot precious metals is 
jcceleialing e\piofaluMi m Nevada Indkalions are that e\plo* 
rain n and mming in the (treat Basin vsill he condiKled on an 
unprecedented scale during this decade Currently, explora- 
iioiiisis are prospeding lor ancient, high energy channels m 
iniermontane alluvium using a variety of techniques including 
ground and helicopter hased P hand radar surveys. Because 
the Shuttle Imaging Kadai flown on STS-2 demonstrated po- 
tential toi detection and mapping ot ancient channels helow 
alluvium, explorationists in Nevada have wtindered it such 
ladar could he used to detect and map similar features in 
Nevada 

A second ma|oi prohlem lacing geoscientists in Nevada is 
the analy sis of seismic hazards in the state Recent lault scaips 
are dihicult to detect in alluvium hecause they are subtle 
features with low relief Low' Sun^angle photography must he 
used lor detection and mapping of scarps with low relief , and 
such photography is limited hy the azimuth of solar illumina- 
tion 


Specilic questmns related to the use ot spacehorne imaging 
radar are 

til lo what depth cmild I -hand radar he expected to 
penetrate alluvial fans, hahada slopes, and play a lakes 
111 Nevada’ 

(2l \Miai are the effects of variations m soil moisture and 
soil salinity on depth ot penetration ’ 

(3l What are the effects of variations m vegetation on 
detection of suhsurf jce features’ 

t41 Do vegetation types assoc, ite with huried alluvial chan- 
nels and can these vegetation differences he detected 
hy L hand radar ’ 

{ 5 ) Is stereosciipic radar imagery useful in the evaluatiim ot 
surface and suhsurface alluvial channel*^ ' 

(()! What is the optimal radar illumination geometry for 
mapping iructural features in hasinal areas and in 
mountainous areas’ 
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NNill stcicoscopk iaJ.ir imaifeix atlou Jcicclion aiiJ 
mapping 4>t mi»ic stiiKlmal U*atuii*N than monoscoptc 
laJai imagiMN ' 

VNhal IS if»c cIUm nl u'gcfatioii on ilclcclii>»i ot miik 
U nal tcaliiics ’ 

II. Research Objectives and Methodology 

The lolloping program ot tundamerilal rcscarvli v\as loinui 
laicil to aiisuer the proMous qi>csfii)*is using the measurement 
capability provided h> Shuttle Imaging Radar (SIR B). I he 
getieral objectives ot this program are 

til lo determine the relationships between radar illuinina 
tii>n geornetrv and depth ot penetration m ditterent 
cimialic and ph\ siographic eiiMronmenls m Nevada 

i2) To determine the relationships between radar illumina- 
tion geometry and deteLiiori and analysis ot structural 
teaiures m ditterent climatic and phy siographk envi- 
rormieiils m Nevada 

V\e plan an miegiated program ot tield and lah ratory 
research and toinpuiei and phoitunlerprelive aiiaKsis SIR B 
I hand imagery will serve as a dala base to deieimine ihe 
relationships between radar illumination geoinetiy ami depth 
ot penetration m ditterent climatic and physiogiaphk envnon- 
rnents m Nevada and ( alittnnia SIR B ilata will also he useil 
to deteimitie the leiatumships between ladai illumination geo- 
metry and detection and analysis ot stiuctural teatmes and 
vegetative types m ditterent climatic and phy siographk erivi- 
ronnienis m Nevada and ( alitcnma SIR B imagery will he used 
tor the determination ot the optimum depression angles tor 
siereographic analysis ot various topographic terrains Avail- 
able SIR A. Seasat. l.aiidsat. and X band data will be used lo 
augment the SIR B data analysis 

Prior *o the SIR B mission, we will analy/e each study aiea 
to determine the thickness ot unconsolidated materials over 
consolidated bedrock and pnrduce an isopach map We will 
also determine the depth lo the water table m unconsolidated 
materials, and will collect alluvium samples to determine gram 
si/e disirihulion. roundries„, porosity, and permeability. Also, 
we will collect soil samples and determine the type ot soil, the 
type and volume ot vegetative material, and the porosity 

During the SIR B mission, our lield paities will be at the 
proposed study areas. Within hours ot the SIR B overtlight. 
they will measure the moisture content ot the unconsolidated 
materials. The Cieobotany Team will collect data cv>nccrnmg 
the distribution and density ol vegetation by type, and will 
collect additional soil and plant samples lor biogeochernical 
analysis. 


An interactive image processing system will be used to 
dete«n.me quantitatively the relationships between radar illu 
mmation geometry, depth ot penetration, and hac kscattered 
signal on a resolution element scale m ditterent climatic and 
phy siogiapliic environments m Nevada and ( alitoinia I aiidsat 
data will he used interactively m con)unction with SIR B data 
to map vegetation ctunmumties tliat attect backscattei We 
will also employ siandaid photomteipretation techniques ot 
aiialy/mg image tone, texture, and pattern 

A. Coverage and Field Study Areas 

Our planned swaths covei parts ot Nevada and ( alitorma 
(I ig I I Imagery will be acquired m a multiple incidence-angle 
nn»de Several swaths also cross SIR A Data Take 24A and 
Data I ake 24 B. which we plan to use m our analy sis 

Ol the nine study areas shown on t ig I. three specilic 
study areas nave been delineated tor intensive tield study Tir 
determine the ' .lationship between radar illumination geo- 
metry and detection and analysis o! stiuctural feature » m 
ditterent climatic and physiographic environments, we have 
selected the northern Walker l ane test site [o determine the 
relationships between r idai-illumination geiMiielry and detec- 
tion and identitkalion i>t vegetation and depth td penetration, 
we have selected the I ish Lake V'alley test site and the Mount 
(jiaiit test site The six other test sites were chosen tor expert 
merits involving structural and seismic studies, sy neigistic anal- 
ysis. and comparison with other types ot remote sensing data 

B. Field Investigations 

Prior to the SIR B mission, we will visit the three intensive 
tield study areas. These areas are tavorable tor l.-band radar 
penetration evaluation because they all have areas of exposed 
bedrock, and along i»ne edge of this exposed bedrock is a line 
i)t /ero-tliickness unconsolidated (Quaternary alluvium. De- 
parting troin the /ero-tliickness line, the alluvium thickens and 
IS generally wedge shaped m cross section We will conduct a 
seismic retraction survey m at least two dnectniris across the 
fhiaternary alluvium. With the data from this survey, we will 
construct a sand thickness (isopach) map and a contour map 
on the top ot the water table (it present). Also, we will take 
samples of the alluvial material to determine gram-si/e distri- 
bution and ror.ndiiess. 

Within hou*^s of the SIR-B overtlight. tield parlies will 
measure the moisture status of the alluvium and soil profiles 
by volumetric sampling. The Geobotany Team will spend a 
week at each of the intensive field study areas for ihe purpose 
of vegetation analysis and rnappmg. (obtaining additional soil 
samples, and ground trutning the radar data. 
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C. Laboratory Invaatlgatlona 

With digital SIK H i.nagcry data, v^c \^ill ut»c ctihatKCtiicnl 
algorithtn^ tii impmvtf display i>l the tadat pcnctiation study 
atcas flu* purpose 4>t etihatking the pencttath>n study area 
itnageiy is to ma\iim/c any dittcrences in radar return across 
the tratisverse direction ot the alluvial or soil wedge Once a 
suitable etdiatKetnent has been produced tor all depression 
angles, eacti image residution cell will be density sitced. These 
quatiti/ed resolution cells will tlien be ct)nti>ured and dis 
played on a cathode ray tube (CHI) by the Mackay School 
ot Mmes* interactive image analysis computer system Simi- 
larly. the depth’tO'Water table, alluvium, and soil lhickness 
maps will be digitized and overlayed with the imager> on the 
( KT. I’sing statistical methods, we will test tiir a relatioti.»hip 
betweeti radat sigtial return and alluvium tliickness and water- 
table depth Also, we will visually examine the overlays and 
make qualitative determinations of any correspondence 
between the density slice contours and the isopach and water 
table maps 


D. Ster#o Radar 

In the past, interpretation ot radar imagery has been done 
mainly with moiioscopic tedonques With the capability ot 
SIK H to Ullage a test site with varying depiession atiglvv 
stereo radar C4)uld be a very ettective data base tor ge4»h»gk 
reconnaissance and mapping 


Ihe stereo-radar imagery produced from the planned 
swaths tf ig It will not be subject to ifie problems that arise 
trorn radar images acquired with oppos te look directions In 
addition to evaluating ditterent depresMon angles for stereo 
ladar. we plan to study the applicability ot stere4)>radar imag- 
ery tor delineating structural features It f enetration 4>t uncon- 
solidated m itenals with I -band radar in Nevada is established, 
we will evaluate stereoscopic viewing to determine if subsur- 
face teatures can be better delineated using stereoscopic-radar 
imagery . 
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Fig. 1. PropOMd SIR-B twatos and taat attaa for Navada 
and California 
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Plate teclonuscan satisfactorily explain the seismic activity 
and deformation that is confined fo narrov\ /ones vsithin 
oceanic crust, allowing the precise identification of plate 
boundaries and their kinematics. However, continents display 
much more complex internal deformational styles that mcor* 
purate spatially and temporally coexisting compressional. ex- 
tensional. and transform regimes, evidenced by the hetero- 
gciKKis. diffuse seismicity within broad /ones, ri'aking the 
strict application of large-rigid-plate concepts almost impos- 
sible in continental areas. 

I'lider tfie influence of the overall convergence of African- 
Arabian and l urasian continents. Turkey displays all man>r 
features of continental tectonics ( Kefs. 1 through 4). It is a 
part of the Alpine-Himalayan orogenic belt. Althougli some 
mu|or tectonic elements such as the North .Anatolian Paiilt 
(NAl ). the hast Anatolian Fault (h Ah), the Hitlis Ihrust /one 
(HT/j. and the VVest Anatolian (iraben System fW.\(jSl have 
been recogni/ed so far (see Fig. 1 ). their detailed characteriza- 
tions are incomplete and the kinematics of tfieir interactions 
are poorly understood. This stems partly from the unidenti- 
fied. potentially important fault /ones and partly from the 
lao of detailed knowledge on tectonic structures of key areas 
such as Karliova Junction, the intersection of NAF and FaF, 


Karasu Junction, the intersection of I AF and the Levant 
Iransform. and tlie Mudurnii region, where SAF changes 
character, starting at about 30*^1 westward. fn»m right lateral 
strike-slip ti> piedominantly normal faulting. 

The mam objectives i»f this study are the delineations of 
fault /ones tlie detailed study of regions where major faults 
intersect. 

T he study of SIR B images of well-mapped segments of 
major faults, such as NAF and LAF. will be carried out first to 
identify the prominent signatures that characterize the fault 
/ones for those specific regions. The gathered information will 
be utilized to delineate the unmapped fault zones in areas with 
similar geological and geornorphological properties. The data 
obtained from SIR B images will be compared arid correlated 
with 

( I ) Landsat TM 

(2) Seismicity alignments based on well-constrained earth- 
quake epicenters. 

The SIR B data will be acquired using mapping-mode im- 
aging with varying incidence angles to maximize the swath 


^ § 


\Mdfh\ vutihiu! IcuMfiK Hciwocn ddijccii! I Ik* 

currenllv exiling vdiwarc and hardN^are at M l I aiijmienlcd 
With >onte additi«>ns. will he employed to caialo|t and diNplay 
the data lor interactive analy^h and t») appl> digital technique.^ 
to enhance linear taiilt teaturcN. 

I he importance ot radar images lor identilying lault /ones 
was denu»nstrated hy a recent (October .U). I 1 earthquake 
in northeastern lurkey (Kel. 5l. 1 his earthquake I W ■ 1 1 

was hreated t»n an unknown fault /<»ne A tract that is about 


U) km nmth id the epicenter had been imaged during tin 
SIRA experiment The shear /one is clearly visible in llu 
SIR A images. The sense of displacement (left handedi and the 
strike of tiic /one (NdO®! I are consistent with the mechanism 
ot the earthquake. 

In light of the encouraging results obtained from the SIR A 
experiment, this proposed study attempts to characterize the 
complex fault systems, which, in turn will contribute to a 
better understanding of the coniiriental tectonics. 
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I. Summary 

This Study IS intended to improve our understan Jing ot 
[ hand radar remote sensing ot terrain It is divided into tour 
interrelated investigations that examine ( 1 1 the behavior ot 
the radar backscaticr coefficient of distributed surfaces 
and volumes as j tunction of the targets’ dielectric and geo- 
metric parameters and as a tunctnm ot then physical para- 
meters (such as soil moisture and plant leat -area index), ( 2) the 
correspondence of the angular behavior of the relative back- 
scattcr coefficient as extracted from SIR-B digital imagery 
to Oq as measured by a truck-mounted L-band scattero- 
rneter system tor about 100 agricultural tields. (3) the statis- 
tical behavior ot SIR B image density for targets that appeal 
“homogeneous” cm Thematic Mapper (TM) optical imagery 
and or coloi-IR photography (withm-field variability, 
between-tield variability tor the same target class, and 
between-class variability), and (4) the applicability of SIR-B 
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imagery both alone and in conjunction with IM imagery tor 
the classitication and monittnmg ot land ci>vei and renewable 
resources (i.e . crop-type classitkation and moniti)iing the 
spatial and tempoial vaiiations in soil moisture in the Ihiited 
States and in ( anada) 

This study will be conducted as a joint ettort involving ttie 
Remote Sensing l.aboiatory (RSI ) i»t the I'niversity of Kansas 
and the ( anada ( entre for Remote Sensing (CX RS). and will 
use test sites in both the U S and Canada The study wiP be 
suppoited by live types ot data ( .iSIR B imagery t» i two 
U S sites and two C anadian sites. (2) TM imagery ot th: above 
four sites. (3) aerial low altitude cidor IR photograpliy (4) ra- 
dar backscatter ciiefficicnt measurements of about 1(X) fields 
to be made by RSL*s truck-mounted MRS (Mobile Radar 
Scatterometcr ) system, and (5) ground-truth data for the 
above 100 fields In addition. CCRS hopes to obtain airborne 


J 


SAK inugcr> of the ( arudun iitci. jnd ettort% will be mjde 
to inuK<^ (he (J S »ite% with (he JPl jirborne i hand imager 

II. Backscatter Behavior of Surfaces 
and Volumes 

The relitivelv calibrated data extracted from the SIR li 
imager> and the airborne imagei> will be used (ogeihei with 
the fully calibrated data t»biained by the MRS system fr«>m 
UK) fields to examine the correspondence between theoretical 
models and experimental »»bservaii*»ns Two classes ol models 
will be considered relatively simple semiempirical models and 
mathematicall> imue sophisticated theoretical models 1 he 
empirical models seek to relate Oq to physical parameters such 

a* soil-moisture content, plant height, and canopy water con- 
tent (which IS highly related to leal-area index I The theore- 
tical models seek to relate as measured for each target class 
to (hat calculated tor an inhomogeneous multilayered medium 
in which backscatter is dominated by three mechanisms 
( 1 1 volume scattering from an inhomogeneous layer (vegeta- 
tion i. (2i surface scattering friun the ground as attenuated by 
the inhomogeneous layer, and (.^i combined surface-volume 
scattering frmn the layered media For given target classes, the 
model's sensitivities tt> various physical parameters will be used 
to define optimum radar illuminatiifn geiunctries with respect 
to angle of incidence and a/imulh view ing angle 

III. Comparison of SIR-B Data With 
MRS Measurements 

For one of the U S sites, the fully calibrated Oq measured 
for about 100 fields by the MRS system will be compared with 
the relative measured by SIR-B to evaluate the presence of 
any systematic dilferences related to platform height and 
system operating or processing characteristics In addition. 
airbi)rne imagery will be included in this analysis lor both the 
U S. and C anadian sites, if available 


IV. Determination of Target Statistics 

A typical SAR image of a ‘‘homogeneous" target contains a 
distribution of Og values related to random fading variations 
for a given number of independent looks per-image pixel and 
to true spatial variability within the scene. For a given target, 
these two sources of variance in backscatter can be sepa- 
rated statistically In addition to establishing target separa- 
biltty characteristtcs, knowledge about the ways in which 
within-class variance differs among target classes can priwide 
valuable information pertaming to trade-offs between resolu- 
tion and number of independent looks and pertaining to the 
design ol optimal automatic classifiers 


V. Land-Cover and Crop-Type Clasalfication 

I his investigainm will address tfie applicability t>f SIR H 
imagery both alone and in coniuiiction with I andsat T M 
data as a means ot mapping and monitoring land ci>ver and 
cri>p type Aerial color IR phiMogiaphy and ground tiutfi data 
will be used t4i generate mventttries ot cover type lor appioxi 
rnately UK) fields m each site A I evel I land use dassitication 
and a level IV' cropland classification will be tested tor each 
site and ifie results analyzed as a function of SIR H iiicideiice 
angle and azimuth view angle these results will be ctunpared 
with those obtained from similar classiticatitms using IM ilata 
only and combined I M and SIR B data 

VI. Soil-Moisutre Detection 

the SIR B data will be analyzed Ittr each site with respect 
l(» their potential to map instantaneous stul-moisture dioribu- 
tions within a scene and to detect multidale chinge m near 
surface v)il moisture Analysis of single-date SIR B imigery 
will parametrically test the extension ot truck-mounted and 
airborne scatterometer results ttr the oihnal imagery tor vari- 
ous coitibinatnms ot sensor parameters (angle of incidence and 
azimuth view angleland target parameters (ch>p canopy ci»ver. 
row tillage patterns, random surface roughness, slope, and soil 
type! In additnm. analysis u( multidate SIR B observatums at 
an incidence angle near 20^ with the same azimuth view angle 
will provide a test ot the change-detecthm methodology tiu 
monitoring hydrologic state At least one ( aiiadian and tme 
U S site w ill be used lor this purpose. 

VII. Data Acquisition 

As shown m Figs I and 2 , the SIR B data tor each site will 
be supplemented by chrsest-clear-day landsat IM data, air- 
borne color-IR photography, and ground-truth data In addi- 
tion. concurrent airborne SAR data may be available lor sites 
m both the U S. and ( anada At t>ne I .S site, the MRS system 
will also measure the radar backscatter Irom approximately 
100 fields at each angle ol incidence used by SIR-B 

AH SIR-B data are to be digitally process**d and coregis- 
tered Fiach of the four sites will be oh»erved by SIR B at live 
incidence angles between 15*^ and 50® In addition, one U.S. 
and 4»ne ( anadian site w ill be observed ‘..n both the ascending 
and descending trrbital passes m order to examine the effects 
of azimuth view' angle and also will be observed twice at a 
fixed incidence angle m order to examine temporal change m 
the scene 

Ground-truth data will consist of canc^py -cover type, can- 
opy condition, soil rmristure. and soil-surface roughness. Dyna- 
mic parameters such as 0- to 5-cm soil moisture will be 
measured on each day with a SIK-I^ rrveipass. 
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1. Objectives 

The main ohjcclive of this investigation is lo study the 
penetration c *pauty ot SIR H Such lesults were pre enied alter 
the SIR A experiments. Reis I and 2 It seems hxely that 
a combination ol a smooth surface and a material with small 
attenuation and little voluute hackscaiter vsould make it pos 
sihle to detect the presence of a contrasting second layer 

The target, a 150 km^ limestone plain called the “Great 
Alvar'* IS situated at the southern part of the island Oland m 
the Baltic Sc:< Altliougli the latitude is N 56®. the island lies in 
the lain shadow' of the elevated “SmSISndska h(»glandet" on 
the mainland of Sweden The annual precipitation is around 


400 mm. Ret y and Tig I. and the thetuetical evaporation is 
540 to 5(>0 mm. Ref 4 As a consequence, the plain is a very 
dry area in the end of the sum. ^ei. when SIR H is scheduled to 
fly. 

The surface of the “Great Alvar ’ has a very thm(‘ lO^^rnf 
soil cover f racture /ones lrequentl> disappea: under the stul. 
the SIR H image may provide clues to their locatums The 
limestone plain is rich m arctiaeologkal remains, e g . the 
arcient castle of T.ketorp. dating hack to the era of the (ireat 
Migration and the Middle Ages This make.* it probable that 
there are structures like building sites and ancient roads liidden 
in the soil layer Furthermore, the limestone rock is likely to 


h 
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contain numcit»u\ |<crtilo|(k4l vliiKliifo like tuwlure /ones atiJ 
(.iiul fCCt\ 

I he M/e lit the jiea ituke\ it dittkult to >urve\. in revpcct 
to the above vtiiKtuiev. witli jii> iiieltiod otliet than leinoic 
u'liviiiit Still, the iernotel> d?lci.teiJ vtiikturev tuve t i he 
ventied and anal> /ed 

II. Description of the Experiment 

I he expeinnent consivtv havkalK ot a compaiivon between 
visible phoio)i.aph> and ladar linages iliat will leveal aieas 
ot possible penetiatioii NMien these areas liave been hkaled 
tliev will be siiive>ed with a penetrating impulse ladai svstem. 
the SIK-b mam:tactured by (iSSl !o get the siiongesi resein 
blaike to SIR H. an antenna with a center treqiierk> ot 
0‘Kill/ will be used Parallel protiles acrt»ss an area with 
suspewted penetration will create an eledroinagnetk, three 
dimensional picture ot the existing stiudures ( orrelating 
these to the SIR H images will give intturnation on penetration 
and resolution The impulse radar svstem ma> be ctmsidered 
an electromagnetic magnitying glass 

Soil-moisture content will be determined at |(K) rn intervals 
ahmg a north south lin'* across the target area 

Along these lines, three sensors will be operated contin 
uously They are a staring intrared radiinncter 1 8 - 1 4 pint an 
aiiciatt altimeter radar |4 } (iH/. pulse t. and the impulse radar 
system The latter will be operated wnh the antenna elevated 
I 0 III in order to get a surtace letu.n These sensor outputs 
will be calibrated with the soihmoisture s«imples to obtain a 
continuous protile ot the soil inoutuie ctuitent in the area 
The impulse radar will also yield iiitormatit>n on volurnescat* 
tersijMl ig 

Image ueneratmg sensors wilt he operated from aircrati 
they are airborne plnrtography . real-aperture SI AR (\ bandt 
an I R scanner. 30- and ladnmieters. and a 35-(iH/ 

radiometer lo get an image ot soil moisture m the area, rliese 
sensors will he calibrated with the continuous line previously 
obtained The soil-moisture image will be used to understand 
the penetration pn»perties ot SIR B The \-band SlAR is 
expected »o provide mlorrnation on surlace rmighness These 
sensors will be operated by the Swedish Space (Tuporation 


the Maritime Surveillance, and tlie National IKdense ResearvI 
Institute 

It possible, tliree aicas will be irrigated lor calibratioi 
purposes tSIR Bt and corner retlectorv will be deployed tor 
registration purposes 

III. Approach for Data Acquisition. Handling, 
and Analysis 

I he three sensors operated ahmg the north south lines will 
be installed in a hgtitweighi terrain veliide This lias an on- 
board computer, wtuch will store the output troin 

the sensors on a 10 Mbit hard disk Sampling will be triggered 
at unitorm intervals by a switch m the wheels f he signals 
stored will be intrared radiometer output, altimeter signal, ai.d 
impulse radar surtace leturn power In addition, tlie impulse 
radar returns will be stored on an IIP P>f)4/V I M tape recorder 
tor subsequent spectral analysis and extraction iH suit.;ve 
rtiughness. volume scatt**ring. and penetration along the lines 

All the aiihiiine H’tisms ptoduce computer ciunpatihle 
tapes that will be processed by the Natumal Detense Research 
Institute and tl:e Swedish Space Corporation to produce a 
material that is registered pixel ti) pixel 

I he intrare 1 scanning ladmmete: will be thiwn both day 
and night I he transtormatiim ot IR data to soil-moisture data 
will he pertormed at SAAB-Scania 

The piisttlight impulse radar survey tit suspected suhsurlace 
teatures will he pertormed with the equipment installed m the 
terrain vehicle At this occasion, it is expected that all intorma 
lion can be stored digitally to tacilitaie the processing and 
analy SIS ot the data 

IV. Expected Results 

I Ins investigation is expected to give veritication ot sus- 
pected penetratioti by means ot three-dimensional intoimation 
on the teatui s in the SIR-B images The other imaging sensors 
will give a gi»od irppi'it 'lutv t - evaluate the .SAR data Mai.y 
untoreseen ettects will he amenable to analysis since the Great 
Alvar IS a very well documented area, especially in geo' ^gy and 
ecology 
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I. Objectives 

There are tour major oh|ecti\eb in our propoNed inves- 
tigation!» 

(I) To study the sensitivity ol active and passive micro- 
wave remote sensing approaches to soil-moisture varia 
turns. Improvement in the estimation accuracy hy the 
combination of hotli approaches w ill also be explored. 

(2l To investigate the eltecl of vegetation cover on micro- 
wave backscatter and emission. 

(3) To test ihetiretical models of microwave backscatter 
and emission from a natural terrain against the observa- 
tions obtained from SIR-B and aircraft radiometer 
fliglils. 


(41 lo estimate vegetation biomass with airborne visible 
and infrared sensors. 1 his will combine with the micro- 
wave measurements for estimating soil moisture in veg- 
etated fields. 

II. Approaches 

A test site about 10 km X 10 km in si/e with its center 
located in the San Joaquin Valley. California, is selected for 
the experiment. The advantage of using this site is that the 
probability of rainfall in the August to September period is 
small, and the moisture content of soils can be controlled by 
irrigation. We plan to have some fields irrigated so that a wide 
range of ^oil-moisture variation in the test site is maintained 
for the SIR-H experiment. 
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Imagmit of the lesl site hy SIR H at five mcidciut anK'CsffM 
ingiiiit from 15® i<» 57® will he made for this experimeiil The 
uiliiangle measurement v are needed tor htith theoretical* 
lodel verification and surface*propcrt> paiarnetri/atn»ri. I lie 
naginit data will primarily he in diitital tmrn. hut copies id 
»ptical signal films recorded onboard the Shuttle will also he 
ised for quick loiiks. 

During each day that SIR H twerpasses the test site, aircraft 
tiderflights with an I hand microwave radiiuneter and a vis- 
hie and infrared sensor fe.g.. NSOOl I will alsi» he ci»nducted. 
I vperirnents in the past years have shown tliat surface still* 
moisture estimates h> microwave radiometry are best made at 
I hand when the effects td htiifi surface roughness and vegeta 
tion cover are ctinsidered (Refs. I and 2) Vleasurements with 
hotli active and passive microwave sensors on the same test site 
will provide a comparison of soil-moisture estimation by twti 
different techniques. I liese same measurements will also allow 
a sound test of theoretical models tor micrttv ave interaction in 
the vegetation soil media. After all. a sound theoretical model 
sfiould he able to describe simultaneously htuh microwave 
hackscatter and emission from a natural terrain. The visible 
and infrared sensor provides a thermal infrared channel mea* 
suring the thermal temperature of a terrain surface, which can 
he used to reimwe the Ci>ntrihuiion of soil-temperature varia- 
tion to tlie micriiwave radiometric respons (Refs. I and 2). 
The visible and near-infrared data from this sensor will give an 
estimate id a terrain s vegctatiim biomass (Ref. 3l. This infirr- 
rnation will he integrated witli SIR H and micri>wave radm- 
meter data fi»r estimating the miUsture Cimtent i>t the 
vegetatii>n -covered s<»ils 

I he ground truth i)f soil rm>isture and temperature will he 
acquired each day cli»se ti> the time i)f SIR U i>verpass I he 
measurements of these parameters will he made at twi> layers 
0 ti) 2 5 cm and 2.5 to 5.0 cm Maps i>f si»il-lype distrihutiim 
id the test site area will he acquired In additiim. mechanical 
analysis i>f siiils will he perfi)rmed ti) determine the texture tif 
the majt)r siul regimes in the test site Soil density and vegeta 
tion biomass will be sampled Si>me measure i>f surface liuigli* 
ness will he made for the study i)f the angular dependence of 
microwave hackscatter and thoi)retical*mi>del verif icatiiin This 
will he accirmplished by a simple metlurd i)f phiitiigraphing the 
soil-surface priifile witli a scaled metal plate m the back- 
ground. as prevnuisly made in the field measurements ( Ref 4). 
Most of the griuind-truth data priicessing will he di>ne at the 
USDA r'gn>nitl station near the test site Processing of data 
related ti) surface roughness and soil texture will be perfimned 
at NASA (ioddard Space Might ( enter (CiSPC I and USDA 
Beltsville Agricultural Research ( enter (BAR(') 

Processing and analysis of SIR B and aircraft data will be 
di)ne at GSP( These data will he ci)mpiled m a suitable 


fiMinat for further analyses by the investigati)rs Presumably, 
there will he some 20 ti) .U) individual fields of various surface 
conditiirns in tfie test site The ci)rnpiled data set sliall giv«» 
average values »)f SIR B hackscatter. mkri)wave iadu)rnetric 
response, visible and infrared intensities, as well as the gri)und* 
truth inti)rmatii)n fi)i tlie individual fields The studies of 
si)il ini)istuie sensing. tliei)ietical*model verification and Sun 
surface parameter descriptii)n will he based •)!! the ct)mpiled 
data set 

Thei)retical im)dels of rnicri)wave hackscaiier liuin a ria 
tural terrain have alsi) been developed in the past decade I he 
mi)del develi)ped by lung and Lorn (Ref 5|. based i)ii the 
kirchi»ff appri)Xirnation rneihi»d for hare ri)ugh fields, was 
recently nii)dified by Mo (Ref hi ti) take into acci)unt tlie 
effect i)f vegetatii)!) ci)ver This modified model was used to 
match the data obtained t)n June 24. |4H(J. i)ver i)iie i)f the 
waterslieds Tins ci)mparison is presented in I ig la and b fiu 
bi)th I h(iH/ and 4 75-(ill/ frequencies The parameters ka 
and kl m the figure are assi)ciated witli surface rouglmess of 
tlie si)il. whereas r) and r are associated with the vegetatiiin 
cover It IS quite clear tha*. with pri)pei select um i)f uirface 
ri)ughness and vegetation parameters, the iibserved variations 
of with 0 at botli frequencies are described very well by the 
thei)ietical mi)del This same nurdel can be used ti) match tlie 
data ti) be i»btairied at different 0 fii)ni the SIR B experiment 
on botli bare and vegetated fields I xtension of the nii)del to 
calculate uiiciowave emissii)ii from a terrain surface can alsi) 
be made as deiiii)nstrated by Lung and Li)in (Ref 5| This 
extended calculation can be compared with micri)wave radu)- 
rnetric measurements planned for the same test sitecTursen fi)r 
the .SIR B experiment In this way. the thei)retical imrdel for 
micri)wave hackscatter and emission can be tested by both 
active and passive niicii>wave measurements made over the 
same terrain at abiMit the same time 


III. Anticipated Results 

With iruiltiangle measurements of micriiwave hackscatter 
over the test site, we expect ti) make a proper assessment i)f an 
L-baiid SAR a>. a soil-niiiisture mapper We realize the fact that 
the SIR B micri)wave backscatler measurements i)f diffeient 
incidence angles i)ver a given field are made i)ti different days 
w ith changing si)il-moisture ciintent may cause si)rne difficulty 
in the experiment But, with the aid i)f a reasi)nable theoretical 
model giving bi)th micriiwave bickscatter and emission, we can 
analyze both the active and passive micri)wave measurements 
i)ver many fields in a colierent manner In this process, we 
shall also be able to iibtairi a consistent result that gives both 
an evaluation i>f si)il-mi)isture sensing by an active micri)wave 
appri)ach and a thoriiugh test of tf:c theoretical model des- 
cribing microwave interactiiins at the surface of the earth 
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From both active and pawive micnmaxe measurementv on the 
Name test vite with a good ground truth data vet. we Nhall also 
he able to ctunpare Nttil-moiNture estimateN by active and 
passive microwave approaches A vtudv on the combination of 
active and passive microwave data to improve the soil moisture 
sensing accuracy is only i>nc step beyond N\e anticipate no 


particular diMiuilty in carrying out such a study Finally, the 
effect of vegetation cover is an important element in micro 
wave soil-moisture sensing Witfi the addition of visible and 
infrared daia we expect to obtain a good estimate of surface 
biomass and deal with the problem of vegetation cover on 
soil moisture sensing etlectively 
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I. Introduction 

S>nthetic aperturc radar images from Seasat and the SIK A 
ex()erimcn( aboard the Space Shuttle Columbia include many 
examples of surface manifestations of oceanic internal waves 
(Kefs 1 through 5 1 These effects are due to surface currents 
modulating the structure of the short-wavelength surface 
waves, that in turn give rise to changes in the microwave 
backscattcr V\|th the exception of the hugfics and Ciower 
experiment (Kef. 4|. the above cited SAK images of internal 
waves were obtained without benefit of coir^cident in situ 
observations. As a result, there are numerous unresolved issues 
associated with the physics of internal wave-induced modula- 
tions of surface waves, the nature of electromagnetic scattering 
from the sea surface, and various SAK imaging phenomena. 

To address these issues, the Office of Naval Kesearch plans 
to conduct the SAK Internal Wave Signature Experiment 
(SAKShX) south of Long Island During this experiment, 
research vessels will be deployed to the test site for internal 
wave and surface wave observations in conjunction with air- 
craft SAK images. SAKSLX provides a unique opportunity to 
acquire aircraft and spacecraft SAK imagery of internal waves 
with appropriate sea-truth data 


II. SARSEX Objectives 

The objectives of the SAK Internal Wave Signatur; Experi- 
ment are to 

( 1 1 Investigate basic mechanisms, both hydrodynamic and 
electromagnetic, responsible for internal wave signa- 
tures in SAK images 

(2) (Quantitatively test theories and models for predicting 
internal wave signatures from given oceanic and radar 
parameters. 


III. Description of the Experiment 

The Site selected for SAKSLX is approximately 1(X) km 
south of the eastern end of Long Island (Eig 1 ) This area is 
known to contain large-amplitude, coherent internal wave 
trains during summer months when the near-surface water 
column becomes stratified (Kef. 61. The internal wave packets 
are generated twice daily by tidal flow over the shelf break 
and they propagate northward with a phase speed of about 
0.35 m /s. 
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I i|turc 2 thowi the experiment concept Internal >xave 
charactemtia will he determineJ trom three curreni-meter 
moonri|t\ and thermittor chain tow\ trom the rewarch vem*l 
Ca/tc A lecond rettcarch \e%%el the ISNS Hurt let t, will he uvrd 
to measure vertical denvit> profiles and the full set of in sitii 
observations will he used with nonlinear internal wave models 
to define the surtace current field associated with the interrul 
waves 

Measurements ot surtace wave slope riHidulations induced 
hy the internal wave surtace currents will he made usiri|t char|te 
coupled device television cameras mounted on the how ot the 
Harriett A wave huo> will he used to define the hack|tround 
surtace wave spectrum Kadar backseat ter measurements will 
also he made trom the Harriett 

SAK irnaiterv at \ hand and I hand wavelengths will he 
acquired from the ( onvair 5H0 aircraft operated hy the 
Canada Centre tor Remote Sensing Ihe airctatt will make 
repeated passes over the test area to obtain imagery at dit* 
tcrent viewing orientations relative to the internal wave propa 
gat ion direction, as welt as at varying incidence angles and 
polarizations 

During the SIR B mission, attempts will he made to obtain 
near-coincident spacecraft and aircraft SAR imagery of the 


test site Ihe SIR B SAR antenna will he adjusted appropri- 
ately to illuminate the test site, the natural progression ot the 
Shuttle orbit will then allow us to examine the internal wave 
signatur«* dependence on spatial resolution and viewing 
gei>metry 

IV. Analysis Approach 

The anal) SIS et'tort will he structured as an end to-erid 
examination ot the process hy winch internal waves are imaged 
h) s>nthetic aperture radars Signal tapes trorn SIR B and the 
aircraft SAR will he processed using the digital SAR processor 
at the Applied Physics l^horator) to generate images tor com- 
parison with the sea truth data internal wave signatures will 
he characterized hy the change in hackscatter cross section 
corresponding u> the SAR image intensity variations Bv cor- 
relating the observed changes in cri>ss seclnm with the mea- 
sured surtace rougliness variations, we expect to he able to 
identity the dominant contrihuthms to the SAR imaging 
process The suiiace wave images will also he analyzed to 
extract changes in the surface wave slope spectrum as a func- 
tion ot position within the internal wave pattern in order to 
quantity the internal wave surfave-wavc interaction N^ith this 
approach, we expect to derive a substantial body ot intorma- 
tion that will advance die exploitation ot synthetic-aj>erture 
radars tor oceanic internal wave investigations 
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Fig 1. Location of SARSEX Taat Sit# 
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Section V 

Data User's Manual 


A. Delta Products and Flow 

The stanUard SlK Ii data products will consist of both 
optical and digital output These products are summarized in 
Table 5-1 

1. Optical Products 

a True Optical. All SIR B true^ optical products will be 
derived from the original signal history recorded on 70 mm 
film onboard the Shuttle The cassette will be removed from 
the Shuttle as soon as possible after landing It will be immedi- 
ately transpi)rted to the JFL off load facility, where the film 
will be removed under darkroom conditions This film, when 
processed photographically, will be designated "signaJ-film 
original negative* ** (SION). The ShON will be used to produce 
a one-to-one duplicate positive transparency designated the 
“signal-film master positive** (SPMP) The SFON will be the 
prime signal-history archival record of the opiicaJ recording 
ajid if not intended for use as a working data set After genera- 
tion of the positives, the SFON will be stored in the JFL 
Shuttle Imaging Radar (SIR) Data Center in a highly secure 
atmosphere, to limit further use. it will be accessible only with 
the permission of the Principal Investigator. 

The SFMP will be transpoited to the correlator for the gen- 
eration of a single set of image-film original negatives ( IFON). 
and will then be stored m the SIR Data Center. The correlated 
imagery will be exposed on 12 7-cm-wide continuous roll 
photographic trarisparency film. The processed IFON will be 


*Trut in ihe senM; that the data are uptiwally recorded. Survey data are 

digitally recorded, and it ii only alter a digital- to-analog conversion 
that these data can be optically correlated 


used to generate two sets of image-illm master positives 
(IFMPs). which will be one-to-one duplications o^ the IFON. 

One set of the IFMPs will be stored in the SIR Data Center, 
the second set will be stored in the JPL photographic labora- 
tory until such time as a complete set of image-film duplicate 
negatives (IFDN) has been generated The duplicate negatives 
will be one-to-one negative image renditions of the IFMP 
Immediately upon complete processing of the IFDN, the 
second set of IFMP will also be rctuiricd to storage in the SIR 
Data Center. Both the duplicate negatives and the duplicate 
positives are intended to be working copies of the image data 
set The positives can be used to produce negatives, and the 
negatives can be used to reproduce the data onto paper as 
prints or onto film as positive transparencies Optical products 
of the entire mission will be produced during the first twelve 
months after landing 

b. Survey Processing. All digital data will he optically 
processed in a survey mode during the first six months The 
high-density digital tape data will be converted to film througli 
a digital-to-analog converter (laser-beam recorder) and opti- 
cally correlated in a manner similar to that of the flight 
optical data. These images are intended primarily to afford the 
team members an early look at the data to verify coverage and 
assess image quality. The survey-mode images will also aid m 
determining which data will he processed to standard digital 
form. 

2. Digital Proflucts 

All SIR-B digital products will be derived from two primary 
semrees: FIDDTs off-loaded from the Shuttle and FIDDTs 
recorded on the ground at GSFC (Section II. A). These tapes 






vkill hi* tKinsIcttCil In ihc Jl'l SIK li pinccsMiig t.iiilii> 

jrul hctt»nii* llu’ piitiic f.idjt %i^iul lii^inry in Jl^llJl tntiii 
Iliey ill hi* iiculcJ us aiilmul iopio. and ihcv v^ill he ifan%- 
piMled. handled, and sinred h> niily p.*edi*>i|mated individuaK 
»nd undi'i ilii* lnglii*\i Wiiiiiiv itindiiinns 

a Quiek l ook Digital Proer>\ing Several Iraincs (ahnul 
one per day I nt '\|uiik h»ok" digital data will he prowevved 
iliiring the niiwinn trtun data relayed llirmigh the IDKSliiik. 
The Mgiial data will he liansteried to JPI trnm the gmund via 
turn at the Johnvnn Space Center (JSC ) via itruiier. at JIM . 
they will he prncevHHl hy a quick h»nk Inw revnhitinn aign. 
rithin. Theve data will he placed on either tihn m videt* tape 
Ini viewng The main purpiive n( iheu* data iv tn determine 
ihe general cnndiliim nt the radar and the general ({uahty nt 
(he data The gnal iv in prndiice cnmpieled images within 24 h 
alter acquisitinn nt the signal data m nrder tn suppiut any 
necessary changes tn the radar tnr suhwquent data acquuilinn 

b Standard Digital Processing The standard digital images 
will he pn>cesscd at JPL Imn the HDPl data Nhrst of liie 
team mernhers will use these data The staiidaid products are 
!(>(X) hilin ctMiipuie* cornpatihle tapes iCC IsI and 20 
25-win negatives and prints Ihe current plan calls tor the 
production ot twelve images per week duiiiig the tirst year 
and 24 images per week suhsequently Ihe priorities m *he 
processing schedule will he determined hy evaluation ;j 

team meinher s requirements 

c Menu Tapes C omputer compatihle tapes, consisting ol 
the iden'itymg intormation tor the standard digitally pro- 
cessed images, will he created hy the Processor and the mtnr- 
Illation will be written into a database tile This mtorination 
can then be converted into hard copy hy using a query and 
report system The hard copy '^i\\ he supplied to users upon 
request All processing param ;rs tor the digitally cone 
lated trame as well as the Shuttle or hit parameters necessary 
tor the correlation will he stored m this tile 

3. Product Distribution 

a. JPL SIR Data Center Ihe .IPL SIK Data Center is 
responsible tor the logging and Jilmg of all SIK H data prod 
ucts trorn the receipt ot signal data until the tmal processing 
ot image data, and tor the ir:itial distribution ot data (see 
Tig 5-1 1 The latter includes, oased on tlie decision tit the 
Principal Investigator, the tirst data released puhlidy through 
the JIM Public Intormation Ottice (PIOl This release ..tuild 
tKcur within hours after the tirst data arrives at the JPi 
ground processing tacility Lven thtiugh some data may he 
released to the public. SIK B data is proprietary intormation 
tor SIX months after the Shuttle landing During this time, only 
team members have the right to use the data tor scientific 
publications. 


All SIK B learn member' will receive copies ot the data 
that cover iheir pr(»pt>H*d study siic» Bi\auH* t»t the vast 
amount t»t data expected and the required processing time, 
eacli team inemhei will he limited l«» one product per month 
Specially procesn'd images are included m tins limit 

Alter puhhcation ot a prehmmary reptut. all SIK B dat.i 
products will he made available to (he general public At that 
time, (he SIK Data ( enter can. at its discretion or on llie 
advice ol the Principal Invesiigator . distiihute products to 
interested individuals or reter them to the SalMmal Space 
Science Data ( enter (SSSIK ‘ (see Section .Vh), which will 
have received c«»pies ot all dat i tri»m the SIK Data ( enter 

Ihe SIK Data (’enter may he reached at 

JIM SIK Data ( enter 
MS IK.L701 

Jet Piopulsion I ahoratory 
( ahtoima Institute ol Technology 
4MK)()ak (iiirvi* Drive 
Pasadena, ( alitiuma l(P> 

I eleplione ( ^ I S ) 354-23S(> 

h. National Space Science Data (enter The NSSIX will he 
responcihli* lor the general distrihuiion ot SIK B data products 
to the public (Jiiesiions regarding specitic pii^ducl availability, 
costs, and lurnaiound times should he directed to 

National Space Science Data ('enter (NSSIXM 
Keque>t C’oordmation 
NASA (loddard Space I light ( enter 
( ode 601 4 

(ireenhelt Maryland 2077 1 
Telephone ( .X)h 344-660<; 


B. Data Format 

This secttori describes the liumat ot (he unprocessed eclu» 
data, optically processed image data, tnd digital image data In 
addition, the header contents will he generally described as 
well as image annotation and supplementary image products. 

1. Unprocessed Echo Data 

The digital echtt data will he recorded on HDDTs ( Ampex 
/Oa) at the (ioddard Space Might ( enter. These tapes will he 
transcribed onto (TTs (0. track. 1600 hits/in.) at JPL and 
made available to team members wtth accepted digital pro- 
cessing facilities. No optical film will he available. Digital data 
on HDDT will be available only in special cases. 

The HDDT data layout is shown in Tig. 5-2. Tach range line 
coiiMsts of a header (eight 32*htt words) and a data field. The 
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mimhcr t»l \jinpU*% in ihc JjIj held \s depondoni on ihc PKI 
( U> values!, llie bps ( V 4. 5. tu b!. and the data rale 1^0 4 
• »r 4^ b Mbiis/s! A detailed deuription of ibr Leader torinaf 
can be huind in Kef 51. The data smII be pa«.ked al a deiiMly 
<d 21 Kbils/in and is expected \^^ have a bil error rale ( HI K I 
< 10 V 

These data will be transcribed t«) (’('Is b\ JIM and distrib- 
uted to approved users In the transcription process, an addi 
lional three J2 bii slalus words will be added b» each header, 
these wtirds are applicable to the JIM proccssiir onl> In addi- 
tion. the eclui data will be packed into .J2-bit wt»rds where twt> 
/cn>s precede the data in each word lor the .(*. 5-, and b bit 
cases The first bit in each sample is the im»st si)!nit leant bit 

All UHMs receiMiiK raw data t>n ( ( Is will also receive sup- 
plemental) intorrnatiitn describing; the data cpiahty and header 
contents. Inlormatum such as HI K. number til missing lines 
filled, and missing bits, as well as a histi>gram and range spec- 
trum »»t the data, will be included m the package The header 
will be dec »ded and printtruts made available describing such 
radar parameters as PKI . look angle, bps. receiver gam. and 
data windi»w pi>sition In addition. Shuttle parameters lor the 
center tune t>l the ima»ie will be given These include positu>n. 
velocity, attitude, and attitude rate vectors 

2. Optical Imagery 

The optical imager) will be printed on him strips 100 min 
in width and up to IK ni m length. This wtnild correspond to a 
data collection period oT 20 mm lapproximatel) ‘MK)0 km). 
As previously described, the imagery will be m slant-range for- 
mat at an approximate 500.0(Kl-to- 1 scale 


I ach him strip will be annotated with a label at the begin- 
ning of the strip dehning selected radar parameters and tlie 
(iMI. including date of acquioiion At lO-s intervals, the 
time code (h. mm. s) will be upd o.s, md at I -s internals a time 
marker will appear on the image 

Table ^ 2 lists the planned annoiati'Ui on the optical prod- 
ucts. a subset *»l the anrmtaiion t.ri the digital tape (see 
Section B.J). 

3. Digital Imagery 

The digital imager) will be available either tui IbOO-bit in 
tapes or as photo pritducts The image tape will consist of 
records t)picall) K0(X) b)tes in length Ihe first record is the 
header in AS( II torrnat billowed b) KO records of gray scale. 
The image data comprises approximately the next 4(KX) 
records (dependent on image mode) I ach record contains a 
single range hne of image data at one pixel per b)te. The next 
4K ,eci ids ui* he distance scale lollowed by \}U records of 
annotation The proposed image tape header is given in Table 
5-3 The processing parameters to be included have not yet 
been fmah/ed. 

The digital photo product la)4»ut is sliowii in figure 5-3 
facli image will contain a gray scale and annotatum as sfiown 
in the figure The near swath will always be displayed at the 
top. The standard pioduct will have 12.5-m spacing and a 
25-/irn raster si/e. this will result m a 5(X).(XKi-t<)-l scale, 
which IS comparable ti> the SIR- A and SIR H optical products 
A siipplementarv information sheet listing the full set of pro- 
cessing and image parameters will be provided with all 
imager) . 
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Tabl« S-1. Data products Itst 


Product Acronym 


Ouick-look data (digitally correlated from MDDK data) 

Qukk iook high-denuty digital tape (from JS(') (>M1)DT 

Ouick look C'CT (K (1 

Quick-look digital image-tilm original negative Q-ll ON 

Quick-look digital image print Q-IP 

Survey data (optically correlated from MDDR data) 

Survey «ignal tUm original negative S-SI ON 

Survey signal-tilm matter positive S-SI MP 

Survey image-film original negative S-ll ON 

Survey image-film duplicate negative S-ll l)N 

Survey image-ttrip contact print S-S( P 

Optical flight data (opricilly correlated from OR data) 

Optical signal-film original negative O-Sf ON 

Optical signal-film master positive O-SI MP 

Optical image-film original negative 0-1 1 ON 

Optical iniage-tllm master positive O-II MP 

Optical image-film duplicate negative 0-1 1 |)N 

Optical image-strip contact print OSC'P 

Digital flight data (digitally correlated from MDDR data) 

lligh-density digital tape D-IIDDT 

Digital computer compatible tape IK'O 

Digital image-film original negative D-II ON 

Digital image-film master positive D-ll MP 

Digital image-film duplicate negative D-ll DN 

Digital image pnnt D-IP 

Digital menu CC'T l>Menu 


Tabl« 5*2. Optical product annotation 


( lurji tc(% 


UNI I 

4H 

N ASA iPI SIK H torrclauU SAK inuyc 

50 

Sl!C 

2ft 

Sum time ddJ hh mm %% 

33 

Center Ijtitude XX XX deg tSi 

32 

C enter longitude \X.\X deg (V^ I 

1 K9 clurjv 

ter% (220 nuximum i 

IIM 2 

31 

SIR H ID Jddlihmm*» U •56.’ D 4 

40 

( enter reM»lution XXrn <K). \Xni ( \/l 

36 

Pixel M/e l2 5m.hlH»' 

Ift 

PKl \X\XA 11/ 

30 

( enter lot*k angle X.X.X deg 

37 

Irack - XXX. X deg (to true north) 

190 clurjt!cr% (220 mjvimum) 


TabU. S-3. Prallmlnary imaga tap# haadar layout 


Record No. 

Item 

1 

Mtle 


Identitication 

3 

Start time 

4 

Procexxing da»e 

5 

C enter latitude 

6 

C enter longitude 

7 

Site name 

8 

Number ol camples per \l line 

9 

lotal number of .A/ line 

10 

( enter resolution 

1 1 

Pixel si/e 

12 

PKl 

13 

( enter look angle 

14 

I lac k 

15 

Blank 

16 

About 7480 bytes for selected processing parameters 
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Fig. S>1. Product flow diiigram 


bits 
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SYNC WORD 

FRAME COUNT (FC) bpi CS O SPARE FC 

TIME 

O SM 

DDHS STATUS 

mw^m. 


m 

ATTITUDE /ST ATE VEOOR 

ATTITUDE/STATE VEOOR 

SIO ADDRESS 

RADICTELEMETRY (RT) 

RT CHANGE 

ANTENNA ANGLE 

SYNC WORD (REVERSE) 

SAMPLE No. 1 SAMPLE No. 2 No. 3 No. 4 

No. 5 No. 6 

No. 7 

No. 7 No. 8 

• • • • 

• 

• 

1 SAMPLE N - \ SAMPLE N 


be* - BITS PER SAMPLE 
CS - CLOCK SELEO 
SM - SECOND MARK 

- FILLER (555 ... HEX) 


F'j. 5-2. HOOT data layout 
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HEADER 

INFO 


X X X X 
X X X X 


INFORMATION SHEET 


SIZE OF FILM 
SIZE OF PIXEL 
IMAGE COVERAGE 

No. OF PIXELS AT 
12.5-fT> SPACING 


70 X 25 cm 
25 ^m 

100 km X 50 km FRAME AT 
1 FRAME PER FILM 
8000 X 4000 


Fig. 5*3. Digital photo product layout with •upportir>g information thaat 




